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Preface

For the past twenty some years, the structural engineering profession has
been gradually adopting the strength design approach in lieu of working
stress design. This technical release presents criteria and procedures for
design of reinforced concrete structures and structural elements by the
strength design method. Working stress design is continued as an acceptable

alternate for an interim period.

Design philosophy holds that at every section, design strength must equal or
exceed required strength. Design provisions attempt to ensure ductile be-
havior at ultimate load and adequate serviceability at working load. The
American Concrete Institute Standard ACI (318-77) is taken as the basic refer-
ence. The ACI is oriented toward the design of buildings. Adjustments and
modifications are made herein to reflect the more difficult environment en-
countered by Service hydraulic structures. The intent of these adjustments
and modifications is to provide criteria that will yield design sections that
are in essential agreement with sections obtained from current Service work-
ing stress design. With time, experience with strength design will indicate

further changes are warranted.

A draft of the text portion of the subject technical release dated August, 1979
was circulated through the Engineering Division and was sent to the Technical

Service Center Design Engineers for their review and comment.

This technical release was prepared by Edwin S. Alling, Head, Design Unit,
National Engineering Staff, Glenn Dale, Maryland. Mrs. Joan Robison contribu-
ted much to the layout and preparation of the ES-drawings. Mrs. Dorothy A.

Stewart typed the technical release.
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NOMENCLATURE

in crack control, the effective tension area of concrete per bar
area of individual reinforcing bar

gross concrete area of section

area of longitudinal reinforcement resisting torsion

area of tension reinforcement

area of compression reinforcement

area of reinforcement required to develop compressive strength of
overhanging flanges

total area of longitudinal reinforcement

area of one leg of a closed stirrup resisting torsion within a
distance s

area of shear reinforcement in a distance s
depth of equivalent rectangular stress block

depth of equivalent rectangular stress block at balanced strain
conditions

width of compression face of member

width of web

any combination of loads, except dead, giving a maximum requirement

a factor relating torsion and shear forces to torsion and shear stresses
distance from extreme compression fiber to neutral axis

distance from extreme compression fiber to neutral axis at balanced
strain conditions

dead load

distance from extreme compression fiber to centroid of tension rein-
forcement

distance from extreme compression fiber to centroid of compression
steel

distance from mid-depth of section to centroid of tension reinforcement

distance from plastic centroid of section to centroid of tension rein-
forcement

nominal diameter of bar

thickness of concrete cover measured from the extreme tension fiber to
the center of the longitudinal bar located closest to the extreme fiber

minimum depth, d, for which the compression steel can reach yield
stress

modulus of elasticity of concrete

eccentricity, at balanced strain conditions, of the direct force
measured from the plastic centroid of the section

compressive strength of concrete

tensile stress developed by standard hook
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modulus of rupture of concrete

stress in reinforcement at service loads

yield strength of reinforcement

thickness of two-way slab

polar moment of inertia of section

moment of inertia of cracked section, transformed to concrete
effective moment of inertia of section for computation of deflections

moment of inertia of gross concrete section about centroidal axis and
neglecting reinforcement

load factor

span length of beam or slab

additional embedment length at support or at point of inflection
basic development length

development length

equivalent embedment length of a hook

clear span in long direction of slab

maximum moment in member at loading for which deflection is computed

nominal moment strength at balanced strain conditions, moments taken
about plastic centroid

service combined load moment

cracking moment of section

service dead load moment

nominal moment strength

equivalent nominal moment strength about the tensile steel

nominal moment strength in pure flexure, moments taken about the plastic
centroid

factored moment, or required strength in terms of moment

required direct force strength acting simultaneously with V u’ taken
positive for compression and negative for tension

modular ratio of elasticity

smaller of 0.10 f' A or P
c g b

nominal direct force strength at balanced strain conditions

nominal direct force strength

nominal compressive direct force strength in pure direct loading, moments
taken about the plastic centroid

required direct force strength

in elastic torsional theory for circular cross sections, the distance
from the centroid of section

spacing of shear or torsion reinforcement in direction parallel to longi-
tudinal reinforcement
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torque or torsional moment
nominal torsional moment strength provided by the concrete
nominal torsional moment strength

nominal torsional moment strength provided by the torsional reinforce-
ment

required torsional moment strength

thickness of compression flange, slab thickness

required strength to resist factored loads

nominal shear strength provided by the concrete

nominal shear strength

nominal shear strength provided by the shear reinforcement
required shear strength

torsional shear stress

unit weight of concrete

service uniform combined load

service uniform dead load

factored uniform dead load

shorter dimension of a rectangular component of the cross section

shorter center-to-center distance of the closed rectangular stirrup
under consideration

longer dimension of a rectangular component of the cross section

longer center-to-center distance of the closed rectangular stirrup
under consideration

eccentricity of the direct force measured from the centroid of the
tensile reinforcement

a torsional coefficient as a function of yl/x1

ratio of area of reinforcement cut off to total area of tension
reinforcement at the section

ratio of depth of equivalent rectangular stress block to the distance
from the extreme compression fiber to the neutral axis

coefficient for tensile stress developed by standard hook
tension steel ratio, As/bd

compression steel ratio, Aé/bd

tension steel ratio producing balanced strain conditions

tension steel ratio producing balanced strain conditions in a rectangu-
lar section with tension steel only under flexure without direct force

minimum tension steel ratio for flexural members except slabs

steel ratio of reinforcement required to develop compressive strength
of overhanging flanges

maximum tension steel ratio permitted under flexure without direct
force
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maximum tension steel ratio permitted for Service hydraulic structures

in a rectangular section with tension steel only under flexure without
direct force

temperature and shrinkage steel ratio, AS/bt

strength reduction factor
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General

This technical release contains minimum criteria and procedures for use in
reinforced concrete design practice in the Soil Conservation Service. The
American Concrete Institute Standard, "Building Code Requirements for Rein-
forced Concrete," ACI(318-77) serves as the basic reference. Its provisions
apply as the general design code for the Service except as modified or other-
wise stated herein, either directly or indirectly. This technical release
supplements, expands on, and/or emphasizes subject matter particularly perti-
nent to Service requirements. The release is directed toward nonprestressed,
cast-in-place construction. It treats neither precast concrete nor prestressed
concrete although some aspects of the design of each do apply. References to
ACI(318-77), herein referred to as the Code, are by code chapter and section

numbers, for example (8.3.1).

The strength design method presented herein, is recommended for use. Alter-
natively, the working stress design method contained in National Engineering
Handbook, Section 6, "Structural Design," subsection 4., '"Reinforced Concrete"

may be applied using service loads.

The strength design method requires that service loads or related moments and
forces be increased by specified load factors and that computed nominal
strengths be reduced by specified strength reduction factors. The basic re-

quirement for strength design may thus be expressed as:

Design strength > Required strength.

The '"required strength" is computed by multiplying the service loads by load
factors. Load factors provide for excess load effects from sources such as

overloads and simplified structural analysis assumptions.

The 'design strength' of an element is computed by multiplying the 'nominal
(or ideal) strength'" by a strength reduction factor, ¢. The strength reduc-

tion factor provides for the possibility that small adverse variations in



material strengths, workmanship, and dimensions may combine to result in under-

strength.

The strength design method not only provides for adequate strength to support

the anticipated factored loads, it also includes provisions to assure adequate
performance at service load levels. Serviceability provisions include consid-
eration of deflections, crack control, distribution of reinforcement, and develop-

ment of reinforcement.

The word "service' as used herein has several connotations. When used with upper
case, it refers to the Soil Conservation Service. When used with lower case, the
reference is to either design life or working loads, forces, moments, or stresses.
In some usages, service stresses are in excess of normal Service working stress

values.




Structure Environment Class

For purposes of reinforced concrete structural design, the concept of structure
environment class, based on the type of environment encountered, is introduced.
Two classes are defined herein. These are "Service hydraulic structure' and
"other structures.' These two classes are not all inclusive. That is, addi-
tional classes might be defined for structures subjected to environments that

are even more harsh than that of normal hydraulic structures.

A Service hydraulic structure is defined to be any structure subjected to hy-

drostatic or hydrodynamic pressures, either externally or internally.

Most Service structures are hydraulic structures. As such they are subjected
to relatively severe environments. This includes not only hydraulic flows,
wave action, and submergence; but also associated combinations of wet/dry and
freeze/thaw cycles, and general exposure to the elements. These conditions
vary considerably from, and are harsher than, those encountered in the normal
building frames envisioned by the Code. Hence not only are structural exter-
nal stability and internal strength of prime importance, but these hydraulic
structures must also have satisfactory durability, adequate crack control,

and generally good Serviceability characteristics. Because of these require-
ments, it is essential that design be pérformed with great care. As noted, the
criteria and procedures contained herein are minimums. On occasion it will be

desirable to follow more conservative approaches.

Waste treatment works that require a relatively long service life, provide
valid examples of structures warranting special considerations to ensure ade-
quate durability in their difficult environments. Other special structures
exist thét involve unique site, design,'and/or construction problems which are

not covered by the provisions of this technical release.



Materials

The choice of concrete strength and grade of reinforcing steel to be used in any .
specific job should be based on a study of the job requirements including

strength, durability, service requirements, costs, and the availability of

materials, work-force, and equipment. Many factors affect the quality of

reinforced concrete. The best materials and design do not produce excellent

concrete without high quality methods of construction,

Concrete

The general shapes of stress-strain curves for concrete cylinders and for com-
pression faces of beams are essentially identical. The first part of the curve
is nearly straight with appreciable curvature beginning at a unit stress of
about half the maximum value. Curvature increases with increasing stress until
the peak stress, fé, is reached at a compressive strain between 0.0015 and 0.002.
At strains beyond the peak value of stress, considerable strength remains. The
stress-strain curve descends from the peak stress to an ultimate strain of from

0.003 to about 0.0045. The maximum usable strain for design is set at 0.003.

Nine classes of concrete are currently estabilished. They cover the various
conditions of design and construction normally encountered by the Soil Conserva-
tion Service. The number associated with the class is, fé, the specified com-
pressive strength of the concrete in psi. For Class 5000, Class 4000, Class 3000,
and Class 2500 concrete the contractor is responsible for the design of the con-
crete mix. For Class 5000X, Class 4000X, Class 3000X, Class 3000M, and Class
2500X concrete the engineer is responsible for the design of the concrete mix.

The following is a general guide to these concrete classes and their use.

Class 5000 or 5000X concrete -- for special structures, for precast or

prestressed construction, for extreme exposure conditions.

Class 4000 or 4000X concrete -- for standard types and sizes of structures,

for moderate exposure conditions.

Class 3000 or 3000X concrete -- for small simple structures, for mass
foundations.
Class 3000M -- for minor concrete structures in which the quantity of

concrete is less than 5 yards and where the location of the concrete will

permit easy maintenance or replacement.
Class 2500 or 2500X concrete -- for small structures built by unskilled ‘

labor, for plain concrete construction.



5

Guide Construction Specifications 31. Concrete and 32. Concrete for Minor Struc-

tures state the technical and workmanship requirements for the operations re-

quired in concrete construction. These specifications include such items as:
Air Content and Consistency
Design of Concrete Mix
Inspection and Testing
Mixing, Conveying, Placing, Consolidating, and Curing Concrete
Preparation and Removal of Forms

Measurement and Payment.

Guide Material Specifications 531. Portland Cement, 522. Aggregate for Portland

Cement Concrete, and others state the quality of materials to be incorporated in

the construction.

Steel Reinforcement

Reinforcing bars are manufactured from billet steel, rail steel, and axle steel.
Stress-strain curves for reinforcement typically consist of four portions. These
are: first, an initial, essentially straight-line portion where stress is propor-
tion31 to strain up to the yield strength, fy; second, a horizontal portion where
stress is independent of strain up to the beginning of strain-hardening; third,
another portion where stress again increases with strain, but at a slow rate with
the curve flattening out as the tensile strength is reached; and fourth, a last
portion where the curve turns down until fracture occurs. The length of the hori-
zontal portion decreases with the higher strength steels. Thus steel ductility

tends to decrease with increasing strength.

-For design, the stress-strain curves are idealized as consisting of two straight
lines. Stress is ﬁroportional to strain below the yield strength. Stress is in-
dependent of strain at strains exceeding the yield strain. Any increase in

strength due to the effect of strain-hardening is neglected in strength computations.

Three grades of deformed reinforcing bars are currently established. These are
Grade 40, Grade 50, and Grade 60. The number associated with the grade is, fy,
the specified yield strength of reinforcement in ksi. Deformed bars with a yield
strength exceeding 60,000 psi are not permitted. Guide Construction Specifica-

tion 34, Steel Reinforcement states the technical and workmanship requirements for

fabricating and placing reinforcement. Guide Material Specification 539. Steel

Reinforcement states the quality of material required. ASIM Specifications A615,

A616, and A617 are referenced in Specification 539.



General Requirements and Assumptions

Requirements

Except as already noted, the strength design method shall be used. All struc-
tures and structural members shall be proportioned for adequate strength in
accordance with the provisions contained herein, using load factors and strength
reduction factors as specified. All sections are to have design strengths at
least equal to their required strengths. Members shall also meet all other re-

quirements contained herein to ensure adequate performance at service load levels.

All members and/or elements of statically indeterminate structures shall be de-
signed for the maximum effects of factored loads as determined by the theory of
elastic analysis; the only exception is the limitation on the maximum torsional
moment that need be developed. Factored loads are service loads multiplied by
appropriate load factors. Normal simplifying assumptions as to relative stiff-

nesses, span lengths, arrangements of live loads, etc. may be used.

Assumptions

The strength of a member or element computed by the strength design method re-
quires that two basic conditions be satisfied: (1) static equilibrium and (2)
compatibility of strains. Equilibrium betwéen the internal stresses and external
forces acting on a free body must be satisfied for the nominal strength condition.
Compatibility between stress and strain for the concrete and for the reinforce-

ment must also be established within the design assumptions that follow.

Strain in the reinforcing steel and in the concrete shall be assumed directly
proportidnal to the distance from the neutral axis except. that for deep flexural

members a nonlinear distribution of strain is appropriate.

Strictly speaking, concrete has no fixed modulus of elasticity. The secant modu-
lus definition of modulus of elasticity is generally used in service 1oad level
stress or deflection calculations. The modulus of elasticity of concrete, Ec’

may be taken in psi as

E. = wteS 33J?§ (1)
where

w = unit weight of concrete, pcf

fé = compressive strength of concrete, psi

For normal weight concrete, Ec’ may be taken as

EC = 57,000 /£ ' (2)




The maximum usable strain at the extreme concrete compression fiber shall be

assumed equal to 0.003.

Tensile strength of concrete shall be neglected in flexural calculations of

reinforced concrete.

The relation between the concrete compressive stress distribution and concrete
strain, for sections subjected to flexure or flexure plus direct load, shall
be assumed satisfied by an equivalent rectangular concrete stress distribution.
The rectangular stress distribution is defined by the following. A concrete
stress of (.85 fé shall be assumed uniformly distributed over an equivalent com-
pression zone bounded by the edges of the cross section and a straight line lo-
cated parallel to the neutral axis at a distance

a = B,c (3)
from the fiber of maximum compressive strain. The distance, ¢, from the fiber
of maximum strain to the neutral axis shall be measured perpendicular to that
axis. The factor, Bl, shall be taken as follows.

For fé < 4000

™
I

, = 0.85 (4)
For 4000 < f(':g 6000
B,

f' - 4000

0.85 - 0.05(-C—10—00—) (5)

The rectangular stress distribution does not duplicate the actual stress dis-
tribution in the compression zone at ultimate, but it does provide predictions
of ultimate strength that are essentially the same as obtained from comprehen-

sive tests.

Balanced strain conditions exist at a cross section when the tensile reinforce-
ment farthest from the compression face, reaches the strain corresponding to its
specified yield strength, fy, just as the concrete in compression reaches its

assumed ultimate strain of 0.003.



Load Factors

The service loads are multiplied by load factors to obtain the required strength. .
Two basic sets of load factors are given. Let the required strength be U, the
service dead load be D, and the service combined load be C; where C is any com-
bination of loads, except D, giving a maximum requirement. Then
U=1.8D + 1.8C (6)
or

U=0.9D + 1,8C (7

Due regard must be given to sign in determining U for combinations of loadings,
as one type of loading may produce effects of opposite sense to that produced by
another type. The loading with 0.9D is specifically included for the case where
dead load reduces the effects of other loads. Consideration must be given to
various combinations of loadings to determine the most critical design condition.
Note that some load producers generate both D and C loadings. For example, earth
loading on a cantilever retaining wall generates lateral earth pressures as C

loading and vertical earth weight as D loading.

Required strength may be expressed in several different ways. The designer has
the choice of multiplying the service loads by the load factors before comput-
ing the factored load effects, or computing the effects of the unfactored loads
and multiplying these effects by the load factors. For example, in the compu-

tation of moment for dead and combined load, repeating equation 7,

U= 0.9D + 1.8C (7)
the designer may determine

W, s O.9wd + l.8wc (8)
where

WS factored uniform load

Wy = service uniform dead load

W, = service uniform combined load

and then compute the factored moment, Mu’ using wu or, compute the dead and com-

bined service moments and then determine the factored moment as

M, = 0.0M, + 1.8M_ (9)
where

Mu = factored moment, or required strength in terms of moment

Md = service dead load moment

M = service combined load moment.




Strength Reduction Factors

Nominal (or ideal) strengths are multiplied by strength reduction factors to
obtain reasonably dependable or design strengths. The strength reduction
factor, ¢, represents an attempt to take account of several facets. These
are: to allow for understrength due to variations in material strengths and
dimensions; to allow for inaccuracies in design equations; to reflect the
ductility and failure mode of the member under the type of loads under con-

sideration; and to reflect the importance of the member in the structure.

Strength reduction factors, ¢, shall be:

pure flexure ¢ = 0.90
direct tension ¢ = 0.90
flexure plus direct tension ¢ = 0.90
direct compression ¢ = 0.70
flexure plus direct compression ¢ = 0.70

except see below for low values
of direct compression

flexure plus low direct compression ¢ = varies

let

P' = smaller of 0.10 fé Ag or 0.7 Pb (10)
then

o = 0.90 - 0.20 Pu/P' > 0.70 (11)
where

A _ = gross area of section, sq. in.

Pb = nominal direct force strength at balanced strain condition

Pu = required direct force strength at given eccentricity
bearing on concrete ¢ = 0.70
beam shear ¢ = 0.85

torsional shear ¢ = 0.85
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Flexure

General
Expressions for the nominal strength of rectangular and flanged members are ob-
tained using the assumption of an equivalent rectangular stress distribution and

the requirements of static equilibrium and compatibility of strains.

Rectangular Section with Tension Reinforcement Only

For rectangular sections, the nominal moment strength, Mn’ may be computed as:

Mn = fy As(d - a/2) (12)
where
f A
a = A
1]
0.85 fcb (13)
in which

Mn = nominal moment strength, inches-1bs

fy = yield strength of reinforcement, psi

AS = area of tension reinforcement, sq. in.

d = effective depth of section, distance from extreme compression
fiber to centroid of tension reinforcement, inches

a = depth of equivalent rectangular stress block, inches

fé = compressive strength of concrete, psi

b = width of rectangular member, inches

The design moment strength is ¢Mn, and the required moment strength is Mu' There-

fore the necessary nominal moment strength is

Mn = Mu/¢ (14)

The steel ratio producing balanced strain conditions in these sections is

p-d

1
fc 87000

1?’{87000 + f )
y y

’b = Pp

= 0.858 (15)

Elw

EB is defined here, for future reference, as the steel ratio producing balanced
strain conditions in a rectangular section with tension steel only.

The maximum steel ratio permitted for these sections for other structures is one-

half the steel ratio producing balanced strain conditions or

Oray = 0-50 By (16)
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Limiting the maximum steel ratio to this value ensures ductile behavior of
flexure members. Failure, if it occurs, will be accompanied by large de-
flections giving ample warning of distress. This value is also sufficiently
low to permit redistribution of moments in continuous members, see (8.4.1 -

8.4.3).

The Service has a good experience record with hydraulic structures designed
by its working stress design criteria. This criteria has evolved over the
years and represents a considerable experience investment. Designs based on
balanced allowable working stresses result in relatively deep sections and
low steel ratios as compared to strength design which tends to permit higher
steel ratios based on balanced strain conditions. Deep sections imply small
deflections and small cracks. Small cracks aid durability through increased
resistance to deterioration. Therefore, the maximum steel ratio permitted

for Service hydraulic structures is related to maximum steel ratios allowed

by Service working stress design criteria and is given by

f! 1
= N S
Phy = 0-40 7 1.25 t (17)
Y\q + y
n f!
c
in which n = 503.3/¢fé (18)
where

n = ratio of modulus of elasticity of steel to that of concrete.

Rectangular Sections with Compression Reinforcement

For rectangular sections, assuming the compressive steel reaches the yield

strength, the nominal moment strength, Mn’ may be computed by:

= - AYY(d - ' A -
Mn fy(As AS)(d a/2) + fy As (d - d") (19)
where
f (A - A")
a =-X 3% 3 (20)
0.85 f'b
c
in which
Aé = area of compression steel, sq. inches
d! = distance from extreme compression fiber to centroid of

compression steel, inches.
Note that the equation for nominal moment strength does not include a
correction for concrete displacement by the compression steel. Usually
the correction is neglected. The correction can be included by substituting

(fy - 0.85 fé) for fy in the second term of the equation.
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The steel ratio producing balanced strain conditions in these sections is:

A
S —
pb=ﬁi-=pb+p' (21)
in which, by definition
Al
s
o' = 5 (22)

and, as defined earlier, 55 is the steel ratio producing balanced strain condi-

tions in a rectangular section with tension steel only.

The compression steel and its associated tension steel do not contribute to brit-
tle failure. They form a ductile auxiliary couple. Therefore dectile behavior
is entirely ensured if the maximum steel ratio for other structures is limited so

that:

Pmax ~ 0.50 55 + e (23)

or

0.50.5, (24)

(P - ") pax

The maximum steel ratio for Service hydraulic structures is limited so that

(o - p')max =p (25)

shy

The assumption that the compressive steel reaches yield strength at nominal mo-

ment is only valid when

(A - A") £
_ B - A c d' . 87000
(e - P pin = a2 %8 B 53 G700 - £ (26)
or y y
£ 87000 1
dnin RS 4' (7500 - fy) - o) (27)

When (p - p') is less than the above amount, or when d is less than dmin’ the
compression steel stress is less than the yield strength. In this case, the
effects of compression steel may be neglected and the nominal moment may be
computed by the expression for rectangular sections with tension steel only. If
this is done, the steel ratio limits for rectangular sections with tension steel

only apply.

Compression steel may be used to increase load carrying capacity when a member
is limited in cross section. However, strength design will show that this is
not efficient use of steel. The use of compression steel does however have a

marked effect on long-time deflections of flexural members.
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Flanged Sections with Tension Reinforcement Only

If the depth of the equivalent rectangular stress block, a, does not exceed
the thickness of the compression flange, t, then design may proceed using the
relations for a rectangular section with tension steel only. The width, b,

of the section is the distance out to out of the flange.

If the depth of the equivalent rectangular stress block, a, exceeds the com-
pression flange thickness, t, then the nominal moment strength, Mn’ may be
computed by

Mn = fy(AS - Asf)(d - a/2) + fy A d - t/2) (28)

sf (

Where ASf is the steel area necessary to develop the compressive strength of
the overhanging flanges. It is given by
= t -
ASf 0.85 fC (b bw)t/fy (29)
and here
fy(As " Age)

& T 70.85 f' b (30)
C w

where

compression flange thickness, inches

width of the compression flange, inches

width of the web, inches

> T T ot
1

total area of tensile reinforcement, sq. inches

The steel ratio producing balanced strain conditions in these sections is ob-

tained by summing forces, or

fy A = fy(AS - A+ fy Ae (31)
orT

p, bd =B, b.d+ p.bd (32)
so that A b

o === (5 +0,) (33)

b bd ~ b ‘b f

Note that pb is written as a function of b, but 55 and pf are written as
functions of bw' 55 is the steel ratio producing balanced strain conditions

in a rectangular section of width bw with tension steel only.

The compression concrete of the overhanging flanges and its associated tension
steel form an auxiliary couple which could contribute to brittle failure of
the section. Therefore to ensure ductile behavior, the maximum steel ratio for

other structures is limited to one-half the steel ratio producing balanced

strain conditions.
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That is
bw _
Ppax = 0-°0 % (P * pf) (34)
or
bw bW —
(p - 0.50 &= pf)max = 0.50 + pb (35)

The maximum steel ratio for Service hydraulic structures is similarly lim-

ited. Thus
P b
_ "shy "w ~—
Prax © =5 Oy * o) (36)
b
or
b 0
- W shy
pmax - b (pshy + — pf) (37)
b
or
o} b b
shy w _ W
(o - = T;_pf)max =% Pshy (38)
b

note that p as used here is a function of b .
shy w
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Flexure and Direct Force

The provisions herein are limited to rectangular sections and, in the case of
compressive direct force, to short members. Since members are short, column

slenderness effects are neglected. See (10.10 and 10.11) when slenderness

effects must be included.

Design of members subject to flexure and direct forces is based on the equa-
tions of equilibrium and strain compatibility. The equivalent rectangular
concrete compression stress block is assumed. Design strength must equal or
exceed required strength. Therefore the necessary nominal moment strength

and simultaneously necessary nominal direct force strength are both determined
by dividing the required moment strength and the required direct force

strength by the appropriate strength reduction factor, ¢.

- Interaction Diagrams

An interaction diagram is very helpful in-describing, interpreting, and under-
standing the behavior of sections subjected to combined flexure and direct
force. Direct forces are plotted as ordinates and moments as abscissas. Dia-
grams may be constructed in terms of design strengths or in terms of nominal
strengths. Often the latter is preferred. Moments may be given as: moments
about the mid-depth of the section (as usually determined from structural
analysis), moments about the plastic centroid of the section (convenient since
moments are zero at maximum compressive direct force), or moments about the
centroid of the tension steel (instructive in understanding behavior). Care

must be used to recognize or specify the reference moment center being used.

Thinking in terms of compressive direct forces and moments about the plastic
centroid, any loading which plots within the enclosed area is a safe loading;
any loading which plots on the curve represents a loading that will just fail
the member; and any combination plotting outside the area is a failure combina-
tion. Any radial line from the origin represents a constant eccentricity of
the load. Three points along the interaction curve are of significance. These
are: (1) pure compression, loading is PO; (2) balanced strain condition, load-
ing is Pb and Mb; and (3) pure flexure, loading is Mo' The portion of the
curve from Po to Pb pertains to the range of eccentricities in which failure

is initiated by crushing of the concrete. The portion of the curve from Mb to
M0 pertains to the range of eccentricities in which failure is initiated by

yielding of the tension steel.
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Balanced Strain Condition

The balanced strain condition was defined previously. The distance from the

extreme compression fiber to the axis of zero strain, Cho is

87000

°p = (87ooo"+‘“'fy)GI (39)
The depth of the stress block, ay is
_ _ 87000
T (87000'1“¥y)d (40

With reinforcement in one or two faces, each parallel to the axis of bending
and all the steel in any one face located at closely the same distance from the
axis of bending, the balanced nominal compressive direct force strength, Pb, is:

= 1 1 -
P, = 0.85 £ a b+ f Al -f A (41)

This expression does not include a correction for concrete displaced by the com-
pression steel. A correction may be included as indicated previously, if felt
desirable. Also the expression as written assumes the compression steel is at
yield strength. If the stress in the compression steel is less than yield
strength, then either, the compression steel may be neglected, or the stress

in the compression steel may be evaluated by strain proportionality relations

and the expression modified accordingly.

The balanced nominal moment strength, Mb’ moments taken about the pléstic cen-

troid is:
= = ! _ " _
Mb Pb ey 0.85 fC ay b(d-d ab/2) +
' _ | " A "
fy AS (d -d dmy + fy < d (42)
where
ey = eccentricity, at balanced strain conditions, of the direct force
measured from the plastic centroid of the section, inches
d"' = distance from plastic centroid of section to centroid of tension

reinforcement, inches

Failure Controlled by Tension

For the same section defined above for balanced strain conditions, the nominal
compressive direct force strength, Pn’ is
P =0.85 f' ab+ f A' - f A (43)
n c y s y s
and the nominal moment strength, Mn’ moments taken about the centroid of the
tension steel, is:

M =P z=0.85 f ab(d - a/2) + fy AL(d - d") (44)
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where
z = eccentricity of the direct force measured from the centroid of
the tensile reinforcement, inches.
Usual comments about correction for displaced concrete apply. Also strain com-
patibility calculations are required to check that the compression steel will

actually yield at the nominal moment strength of the section.

The direct force equation may be used to obtain the depth of the stress block,
a, as:
Pn + f AS - f A;
a = Y Y (45)
0.85 fé b

With the depth, a, known, the moment strength may be determined.

The concept indicated above for sections controlled by tension is quite general
and may always be used. An alternate formulation is possible however which sim-

plifies design for combined flexure and direct force.

Transfer the force system on the section from that of a direct force acting at
mid-depth and a moment taken about the mid-depth to a direct force acting along
the centroidal axis of the tensile steel and a moment about the centroid of the
tensile steel. If the nominal moment strength about the mid-depth is Mn’ then
the resultant equivalent nominal moment strength about the tension steel, Mns,

is

=
n

=M o+ P dn (46)

where

d"

1l

distance from mid-depth of section to centroid of tension

reinforcement, inches.

A section loaded with the equivalent nominal moment strength, Mns’ and rein-
forced with an equivalent tensile steel area, A, where

A = As + Pn/fy (47)
will have the same compressive concrete stress block and same concrete and
steel strains as a section reinforced with tensile steel, As, and loaded with
the nominal moment strength, Mn’ and nominal direct force strength, Pn. There-

fore the required tensile steel area, As’ may be determined as

AS A - Pn/fy (48)

where

b=
1

= equivalent tensile steel area required by flexure only due

to the moment, Mns’ sq. inches.
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In the above relations, compressive direct force is positive and tensile direct
force is negative. The only restrictions on the formulation are that neither

AS nor MnS may be negative quantities.

The maximum steel ratio for sections controlled by tension for other structures

is limited so that
- = )
p-0p )max 0.50 Py (49)

The maximum steel ratio for sections controlled by tension for Service hydraulic

structures is limited so that

(P -P") 0 =P (50)

shy
When sections are subjected to combined flexure and low compressive direct force,
failure is controlled by yielding of the tension steel. The value of the
strength reduction factor varies and depends on the cross section and material
properties. The design procedure is not direct. Some form of guess and check
approach is necessary. One approach is to assume ¢ = 0.70 for all combinations
of flexure and direct compressive force. This is conservative but penalizes de-
sign as the compressive direct force approaches zero. An alternate approach is
to assume an initial ¢ = 0.70, obtain the resulting section, recompute ¢ which
might exceed 0.70, obtain a new, reduced, trial section, and recycle the steps

as necessary until a stable design is reached.

Failure Controlled by Compression

Statics and strain compatibility relations may be used to determine nominal mo-
ment strength and nominal compressive direct force strength for sections when
failure is controlled by compression of the concrete. The shape of the inter-
action diagram in the region between the maximum possible nominal compressive
direct force strength, PO, and the nominal compressive direct force strength at
balanced strain conditions, Pb’ may be defined by the determination of a suffi-

cient number of nominal load combinations.

As an alternate to the procedure indicated above, the nominal compressive direct
force strength, Pn’ may be assumed to decrease linearly from Po to Pb as the
nominal moment strength increases from zero to Mb' The nominal compressive
direct force strength at zero eccentricity, Po’ is

- ' - .
Po = 0.85 fc (Ag Ast) + fy ASt (51)
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where

A
g

A
st
Thus Pn for an associated nominal moment strength, Mn’ the moment taken

gross area of section, sq. inches

total steel area of section, sq. inches

about the plastic centroid, is

P= Po - (PO - Pb)(Mn/Mb) | (52)

The maximum usable nominal compressive direct force strength for rectangu-
lar sections is arbitrarily limited to

Pn(max) = 0.80 PO (53)

The limitation is intended to account for accidental eccentricities on the-

section that are not accounted for in the design analysis.
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Beam Shear

Flexural, or beam, shear and torsional shear are intimately related. Nominal .
shear strength provided by concrete and nominal torsional moment strength pro-

vided by concrete are functions one of the other. Requirements for shear rein-

forcement and requirements for torsionrreinforcement are additive. For con-

venience, beam shear is presented first.

The relatively abrupt nature of a shear failure in a member with an unreinforced
web, as compared to a ductile flexural failure, makes it desirable to design
members so that strength in shear is at least as great as strength in flexure.
To ensure that failure is by ductile flexural mode, the Code limits, the maxi-
mum amount of longitudinal reinforcement and, except for certain types of struc-
tural components, requires that at least a minimum amount of web reinforcement

be provided in all flexural members.

Most so-called shear failures are really diagonal tension failures. Computed
shear stresses are really just stress indices, only slightly related to actual

stresses.

Shear strength is therefore based on the average shear stress on the full effec-
tive cross section, bwd, where bw is the web width of the member. Permissible

shear stresses are functions of /@Zl Units of vfé are psi, where fé is in psi.

The provisions herein only highlight the Code requirements. The Code should be

referenced for completeness.

Shear Strength

The design shear strength, ¢ Vn’ must equal or exceed the required shear strength
Vu, at the section under consideration. Therefore necessary nominal shear
strength, Vn’ is given by
(54)
Vo=V /9 |
The nominal shear strength, Vn, includes the nominal shear strength provided by

the concrete, Vc’ and the nominal shear strength provided by the shear rein-

forcement, VS, or
V =V +V (55) ‘
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When the reaction introduces compression into the end regions of a member,
shear strength is increased. Accordingly, design may be based on the maxi-
mum required shear strength, Vu’ at a distance, d, from the face of the sup-
port. For many other situations, the critical section for shear should be

taken at the face of the support.

Shear Strength Provided by Concrete

More detailed relations are available from which the nominal shear strength
provided by the concrete may be computed; however for most designs, the follow-
ing expressions are convenient and satisfactory. For members subject to shear

and flexure only:

V. =2/ bd (56)
For members subject to direct compression in addition to shear and flexure:
v=2(1+_._NL)/f_'bd (57)
c 2000 Ag c w
where
Nu = required compressive direct force strength acting simultaneously

with Vu’ taken positive for compression, 1bs.
For members subject to direct tension in addition to shear and flexure, web
reinforcement should be designed to carry the total shear unless an analysis
is made using

N
2(1 + —2 ) /fg bwd (58)
g

Vc 500 A

where

s
1l

= required tensile direct force strength acting simultaneously

with Vu, taken negative for tension, 1bs.

Shear strength that can be provided by concrete decreases with the amount of
torsion present at a section. The effect of torsion can be neglected if the

required torsional moment strength, Tu’ is less than

1 2
< VET =
Tu < ¢ 1.5 fC 3 L (x7y) (59)
where
Tu = required torsional moment strength at section considered,

inches-1bs

x = shorter dimension of a rectangular component of the cross
section, inches

y = longer dimension of a rectangular component of the cross

section, inches
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If the required torsional moment strength, Tu, is greater than the above
amount, then the nominal concrete shear strength, Vc’ available is a function

of an interaction relation and is given by

2 Vfé bwd
Vc = — (60)
T \
u
V//l + (%.5 Ct i;i)
where Y
bwd
Ct = — a factor relating torsion and shear forces to torsion
Z(x%y)

and shear stresses.

Shear Strength Provided by Shear Reinforcement

Shear reinforcement restrains the growth of inclined cracking. It therefore
increases ductility and provides a warning of distress. A minimum area of
shear reinforcement is required in all flexural members wherever the required
shear strength, Vu’ exceeds one-half the design shear strength provided by the
concrete, ¢VC. Three types of members are excluded from the minimum shear
reinforcement requirement. These are slabs and footings, floor joists, and
relatively wide, shallow beams. Where shear reinforcement is required, either
by strength computations or by provision of the minimum amount, and torsion is
negligible in accordance with equation 59, the minimum shear reinforcement area
is
Av= 50 bws/fy (61)
where
s Z=spacing of shear reinforcement in the direction parallel to
the longitudinal reinforcement, inches
Av,Earea of shear reinforcement within the distance, s, for
example, area of two legs when closed stirrups are used,
sq. inches.
Where shear reinforcement is required and torsion is not negligible, the mini-
mum area of closed stirrups is
A, + 28 = 50 bws/fy (62)
where
At Zarea of one leg of a closed stirrup resisting torsion

within the distance, s, sq. inches.
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Shear reinforcement is required whenever the necessary nominal shear strength,
Vn’ exceeds the nominal shear strength, Vc’ provided by the concrete. When
shear reinforcement is provided by vertical stirrups, (stirrups placed per-
pendicular to the member axis), the nominal shear strength provided by shear

reinforcement, Vs, is

A, £ d
v, = ——SX— (63)
or
vV/¢ -V s
A, = uf d : (64)
y

Spacing of vertical stirrups may not exceed the distance, d/2. Whenever VS
exceeds 4 Vfé bwd’ the maximum spacing of vertical stirrups is decreased to
the distance, d/4. Nominal shear strength provided by shear reinforcement,

V , shall not exceed 8 Vf' b d.
s cC w
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Torsion
Torsion can be important in members acting as spandrel beams, in curved beams, ‘
and wherever members carry transverse loads eccentric to the member axis.

Elastic theory for members with circular cross sections, results in tangential
shearing stresses varying with distance from the center of the circle. These

stresses are given by

v, = Tr/J (65)
where

Ve Z torsional shear stress

T = torque or torsional moment

r = distance from centroid of section

J = polar moment of inertia of the section

Plastic theory for members with circular cross sections results in tangential

shearing stresses which are uniform throughout the cross section.

Elastic theory for single rectangular sections, shows maximum torsional shear
stress occurs at the center of the long side and parallel to it. For sections
consisting of multiple rectangles, the maximum shear occurs at the center of

the long side of the rectangle having the greatest thickness. Neilther elastic

nor plastic theory is directly applicable to reinforced concrete because of
the nature of the material and because the concrete will be cracked at signif-

icant loading.

An approximate stress relation is used for reinforced concrete. The relation
applies to cross sections consisting of either single or multiple rectangles.
The relation is

T

v, = —— {66)
CoL ety
3
where
X = shorter dimension of a rectangular component of the
cross section, inches
y = longer dimension of a rectangular component of the

cross section, inches
The calculation of Z(x?y) depends on the selection of the component rectangles.
The rectangles may not overlap. They may be taken so as to result in the maxi-

mum possible summation.

The provisions herein only highlight the Code requirements. The Code should be

referenced for completeness.
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Torsion effects may be neglected when the maximum torsional stress does not ex-
ceed a limiting value of 1.5 /fz psi. This stress corresponds to approximately
one-fourth the pure torsional strength of a member without torsional reinforce-
ment. .Thus in terms of required torsional moment strength, Tu’ torsion may be
neglected if:

T < ¢ 1.5 /?Z-% % (x2y) (67)
where all terms have been defined previously. If torsion exceeds the above

amount, then torsion effects must be included with beam shear and flexure.

In designing for torsion, two states of structural behavior should be recog-
nized, based upon whether or not redistribution of internal forces is possible.
If the required torsional moment strength, Tu’ is required to maintain equilib-
rium, as in a statically determinate structure, then the torsional moment can-
not be reduced by redistribution of internal forces. In this case the member
must be designed for the full required torsional moment strength. This state

of torsion is referred to as '"equilibrium torsion."

In a statically indeterminate structure, redistribution of internal forces will
occur as the loading reaches and exceeds the loading corresponding to some lim-
iting strength value in the structure. Therefore, when torsional moments exist
in a statically indeterminate structure, the magnitude of the torsional moment
is dependent on whether or not redistribution of loads between the member under
consideration and the remaining interacting elements occurs. If the computed
elastic torsional moment before redistribution is greater than

T, = T/6 =14 /?Z-% z(x%y) (68)
then torsional cracking is assumed. At torsional cracking, a large twist
occurs under essentially constant torque. A significant redistribution of
forces within the structure results. This state of torsion is referred to as
"compatibility torsion." Thus, when the computed elastic torsional moment ex-
ceeds the cracking torque, redistribution is assumed. A maximum necessary
nominal torsional moment strength, taken equal to the cracking torque given by
equation 68, may be assumed at the critical sections. This reduced torsional
moment must then be used to determine adjusted shears and moments in the ad-

joining structural elements.

If, in a statically indeterminate structure, the torsional moment calculated
by elastic analysis is less than the cracking moment given by equation 68,
then torsional cracking and hence redistribution will not occur. 1In this

case, the actual computed torsional moment should be used in design.
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Torsional Moment Strength

The design torsional moment strength, ¢Tn, must equal or exceed the required

torsional moment strength, Tu’ at the section under consideration. Therefore

necessary nominal torsional moment strength, Tn’ is given by

T =T

o= T/¢ (69)
The nominal torsional moment strength, Tn’ includes the nominal torsional mo-
ment strength provided by the concrete, Tc’ and the nominal torsional moment
strength provided by the torsion reinforcement, Ts’ or

= +

Tn TC TS (70)

Sections located less than a distance, d, from the face of a support may be

designed for the same torsional moment as that computed at a distance, d.

Torsional Moment Strength Provided by Concrete

Torsional moment strength provided by concrete depends on the beam shear pre-

sent at the section. The interaction relation is

2.4 VET % L(x%y)
T = ¢ (71)
C Vu 2
e (2
(= C, Tu)

For members subject to significant direct tension, torsion reinforcement should ‘

be designed to carry the total torque unless an analysis is made in which TC
given by equation 71, and VC given by equation 60, are both multiplied by the

factor (1 + Nu/SOO Ag) of equation 58, where Nu is negative for direct tension.

Torsional Moment Strength Provided by Torsion Reinforcement

Reinforcement required to resist torsion is added to that required to resist
shear, flexure, and direct forces. Both closed transverse reinforcement and
longitudinal reinforcement are required to resist the diagonal tension stresses
due to torsion. Stirrups must be closed since inclined torsidnal cracking, de-
pending on cross section proportions, may appear on any face of a member. Tor-
sional diagonal cracks develop in a helical pattern, therefore torsion rein-
forcement should be provided at least a distance, (d + b) beyond the theoreti-

cally required point.

Spacing of closed stirrups shall not exceed the smaller of (x, + yl)/4 or

12 inches, where
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X, = shorter center-to-center distance of the closed
rectangular stirrup under consideration, inches
y. = longer center-to-center distance of the closed

rectangular stirrup under consideration, inches
Spacing of longitudinal reinforcement, distributed around the inside peri-
meter of the closed stirrups, shall not exceed 12 inches. At least one

longitudinal bar shall be placed in each corner of the closed stirrups.

Torsion reinforcement is required whenever the necessary nominal torsional
moment Strength, Tn’ exceeds the nominal torsional moment strength, Tc’ pro-
vided by the concrete. Nominal torsional moment strength provided by tor-

sion reinforcement, Ts’ is computed by

A o, x, v, f
171
T -t t y (72)
s s
or
(T /o - T s
A, = c (73)
t - y ay X, Y,
where
o, = 0.66 + 0.33y /x, < 1.50 (74)
and
At = area of one leg of a closed stirrup resisting torsion

within the distance, s, sq. inches

wn
1]

= spacing of torsion reinforcement in the direction
parallel to the longitudinal reinforcement, inches.
Where torsion reinforcement is required, the minimum area of closed stirrups

is given by equation 62.

In flanged sections, closed stirrups may be placed in either the largest or
in all component rectangles. In the first, x and y refer to the stirrup
dimensions in the largest rectangle. In the second case, equations 72, 73,
and 74 may be applied separately to each component rectangle using X, and
y, for the rectangle under consideration. The nominal torsional moment
strength provided by the torsion reinforcement in the component rectangles
must sum to the total TS needed. Thus,

A_ o X, Y, f

_ t t
T = I( s

Yy (75)

If all stirrups are the same bar size and spacing, then
A

- _t
T, = - fy L(a, X, ¥,) (76)
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i @
A, (T o - T)

t 77)

s HDICRENEN

As members reach their maximum torsional strength, additional stress moves
into the longitudinal steel. A torsion stirrup cannot develop its full
strength unless sufficient longitudinal steel is present. The action may
be visualized as a kind of truss system where the longitudinal steel pro-
vides fhe tension chord while the stirrup provides the tension vertical.

Required area of longitudinal bars, A , distributed around the perimeter of

Q,,
the closed stirrup corresponding to At’ is given by the larger of
_ RS
Ay = 2 A () (78)
or T
400 xs u X+t
A =[ — ( v )’C]( S ) (79)
L y u
T +
u 3 Ct

where ¢ is the larger of 2 At or 50 bws/fy and x is the shorter side of the

component rectangle under consideration. The first relation sets the volume
of the longitudinal reinforcement in the distance s equal to the volume of

the closed stirrup. The second relation recognizes that required longitudi-
nal steel decreases with the amount of closed transverse steel provided and

also decreases with beam shear.

The provisions for torsion reinforcement design depend on the development of
yleld stress in torsion reinforcement prior to ultimate load, that is, be-
bore the compression concrete crushes. Pure torsion tests indicate that to

ensure torsion reinforcement yielding, the nominal torsional stress should

not exceed 12 Vfé . This translates, for torsion combined with beam shear
and flexure, when written in terms of torsional moment, to
<
T <5T, (80)
or
T £4T (81)

S C
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Control of Deflections

To serve its intended function a structure must be safe and serviceable
throughout its design life. Serviceability and durability require that de-
flections and attendant cracking be kept unobjectionably small. With
strength design and the use of high strength steels, there is a tendency to-
ward shallow sections. Shallow sections produce large deflections. Hence

deflections assume increased importance in strength design procedures.

The deflections of interest are those that occur at service load levels. They
may be deflections that occur immediately on application of load or they may
be long-time deflections caused by shrinkage and by creep under sustained load.
Under service loads the steel and concrete stresses are essentially within
their elastic ranges so that deflections that occur immediately may be calcu-

lated by methods based on elastic behavior.

Two approaches are provided for controlling deflections. Deflection require-
ments are considered satisfied if at least a specified minimum thickness for
the type of member is used. For members that do not meet the minimum thick-

ness criteria, deflections must be calculated.

Minimum Thicknesses

For one-way slabs, for two-way slabs having a ratio of long to short span ex-
ceeding two, and for beams, the minimum thicknesses, unless deflections are
computed, shall be:
(1) for simply supported spans
for slabs 2/20, for beams 2/16
(2) for one end continuous -
for slabs %/24, for beams £/18.5
(3) for both ends continuous -
for slabs 2/28, for beams 2/21
(4) for cantilever spans -
for slabs 2/10, for beams 2/8.
Note that both thickness and span length are in the same units. The afore-
mentioned two-way slabs act essentially as one-way, hence the reference span
length, 2, is the short span length. For fy < 60000 psi, the above values
may be multiplied by (0.4 + fy/lO0,000).
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For two-way slabs having a ratio of long to short span not exceeding two, the

minimum thickness, h, shall be given in inches, by: ‘
h = & (800 + 0.005 fy)/36000 (82)

where
Rn = clear span in long direction, inches

but h need not exceed minimum thickness required as a one-way slab.

Deflection Computations

When deflections are computed, deflections that occur immediately on applica-
tion of load shall be computed by usual methods for elastic displacements.
Immediate deflections are sensitive to the amount of cracking along the span.

For prismatic members, the effective moment of inertia, Ie’ shall be computed

by:

M3 M3
I - (ﬁf) o+ 1 - CML:) T1,. 21, @)
in which
y fr Ig
cT Ye (84)
and
£ =7.5 Jf’g (85)
where:
I = moment of inertia of gross concrete section about
; centroid axis and neglecting reinforcement, inches"”.
I.. = moment of inertia of cracked section, transformed to
concrete, inches”.
or = cracking moment, in-1bs.
Ma = maximum moment in member, or portion of member, for
loading for which deflection is computed, in-1bs.
fr = modulus of rupture of concrete, psi.
Ye = distance from centroidal axis of gross section,

neglecting reinforcement, to extreme fiber in
tension, inches.
Note that Ie cannot be taken greater than Ig. The modulus of elasticity of

concrete, EC, is given by equation 1 or 2.

For prismatic continuous spans, the effective moment of inertia may be

taken as the average of values obtained from equation 80 for the critical
positive and negative moment sections. Alternately, the effective moment

of inertia may be obtained by weighing the positive and negative moment
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Ie values in proportion to the lengths of the span in positive moment and in

negative moment.

For nonprismatic members, that is, members whose depth or other dimension
varies along the span, effective moments of inertia may be computed for criti-
cal locations or discrete distances as necessary to define the variation

across the span.

Shrinkage and creep due to those loads that are sustained for long durations
cause deflections to increase over time. The additional long-time deflection
(in addition to the deflection that occurs immediately on application of
load) caused by that portion of the load that is sustained, is obtained by
multiplying the immediate deflection, caused by the sustained loads, by a
factor, A , given by

A= (2-1.2 A;/As) > 0.6 (86)
The long-time deflections thus calculated are those that might be expected
after loads are sustained for about three years. Note that the multiplication
factor indicates the effectiveness of compression steel in reducing long-time

deflections.

Unless it is determined that the larger displacements associated with lesser
thicknesses will not cause adverse structural or servicability effects, the
following limit shall apply. The maximum deflection under any combination of

immediate or sustained loading, shall not exceed 2/240.
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Control of Flexural Cracking

Large crack widths are unsightly and result in poor resistance to corrosion. ‘
To assure protection of the reinforcement against corrosion, many fine cracks

are preferable to few wide cracks. When reinforcing is used at high service

load stresses, excessive flexural crack widths may be expected unless ade-

quate precautions are taken in detailing the reinforcement.

Size and spacing of flexural cracks are functions of steel stress at service
load levels, amount of concrete cover, and the area of concrete surrounding

and tributary to each individual reinforcing bar. The importance of control-
ling cracking increases with the exposure or environment class of the struc-

tural component.

Cross sections at both maximum positive and maximum negative moment locations,

in beams and one-way slabs, shall be proportioned so that the quantity, Z,

given by,

Z = f 3/dc A (87)
does not exceed 130 for Service hydraulic structures, nor 145 for other structures. '
For information, maximum values of Z of 95 and 115 are commonly specified for the

design of waste treatment works requiring long service life. 1In the expression of

Z:

calculated stress in reinforcement at service loads, ksi

z = thickness of concrete cover measured from the extreme ten-
sion fiber to the center of the longitudinal bar located
closest to the extreme fiber, inches

A = effective tension area of concrete per bar; determined

as the tension area of concrete surrounding the flexural
tension reinforcement and having the same centroid as the

reinforcement, divided by the number of bars, sq. inches.
The calculated stress, fs, in the reinforcement at service load shall be com-
puted assuming elastic (working stress) action. In lieu of such calculations,

the value of fs may be taken as 0.60 fy'

The maximum bar spacing, s, for one-way slabs with tensile reinforcement in

a single layer at the section, is given in inches by
3
@

242
C

(88)
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Note that the permissible spacing decreases as concrete cover increases, as
. steel stress at service loads increases, and as environment class becomes

more severe.

Flexural cracking behavior of two-way slabs, with ratio of long to short span
not exceeding two, is significantly different from that in one-way members.
For the same total load, the crack widths in two-way action will usually be
less than those experienced in one-way action. The Code is silent on crack
width relations in two-way slab systems, thus steel spacing is controlled by
strength requirements, temperature and shrinkage requirements, or limitations

on maximum spacing of reinforcement.
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Development of Reinforcement

The calculated tension or compression in any bar at any section must be de-
veloped on each side of that section by proper embedment length, end anchor-
age, or hooks. Hooks may be used in developing bars in tension. Hooks are

not effective in developing bars in compression.

The strength reduction factor is not used in development computations. The

specified development lengths already include an allowance for understrength.

The development length concept is based on the attainable average bond resis-
tance over the length of embedment of the reinforcement. If a reinforcing
bar in a member has enough embedment in concrete, it cannot be pulled out of

the concrete before the bar fails by yielding of the steel.

Flexural bond stresses are not addressed directly. Limitations pertaining to
bar sizes permitted in positive moment reinforcement at simple supports and
at points of inflection actually reflect consideration of flexural bond and

required steel perimeter at these locations.

Development Lengths

Required development length, Qd’ in inches, is the product of the basic develop-
ment length and applicable multipliers. The basic development length, Rb, for
deformed bars in tension, for bars #11 and smaller, is the larger of

0.04 A, £ /V/F' or 0.0004 d, f where
b "y ¢ by

area of an individual bar, sq. inches

db = nominal diameter of a bar, inches.

Multipliers of bars in tension are:

Top reinforcement . . . . . . . . . . . . . 1.4
Bars spaced laterally not less than 6 inches

on center, and bars with at least 3 inches

clear from face of member to first bar . . 0.8
When excess longitudinal reinforcement is
provided As required
AS provided

Further, the development length, £,, for tension bars shall not be less than

d,
12 inches, except in computations of either lap splice lengths or development

lengths of web reinforcement. Top reinforcement is horizontal reinforcement
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so placed that more than 12 inches of concrete is cast in the member below

the reinforcement.

The basic development length, Qb’ for deformed bars in compression is the

larger of 0.02 d fy//?z or 0.0003 d fy. The multiplier for excess longi-

b b
tudinal reinforcement given above for tension bars also applies to compres-

sion bars. The development length, ¢,, for compression bars shall not be

d’
less than 8 inches.

Standard hooks in tension may be considered to develop a maximum tensile

stress, fh, at the point of tangency given by

£, = E/fz (89)
where

¢ = factor for standard hook, given by Table 12.5.1 of the Code.

An equivalent embedment length, Ze, of a standard hook may be computed as the

larger of 0.04 A fh//?z or 0.0004 d, f, times any applicable multipliers.

b
The development length, xd, in tension may consist of a combination of

equivalent embedment length, Qe’ plus additional embedment length of rein-
forcement (Rd - Qe). This additional length must be provided between the
point of tangency of the hook and the critical section, that is, the addi-

tional embedment length may not be bar extension beyond the standard hook.

Development of Flexural Reinforcement

Critical sections for development of reinforcement are at points of maximum

stress and at points where adjacent reinforcement terminates.

Except at supports of simple spans and at the free end of cantilevers, every
reinforcing bar shall be extended beyond the point at which it is no longer
needed to resist flexural stress, for a distance equal to the effective depth

of the member or 12 bar diameters, whichever is greater.

Continuing reinforcement shall have an embedment length not less than the de-
velopment length, Zd, beyond the point where bent or terminated tension rein-

forcement is no longer needed to resist flexural stress.

Flexural reinforcement shall not be terminated in a tension zone unless one of

the following conditions is satisfied:
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(£) Shear at the cutoff point does not exceed two-thirds of
that permitted.

(Z2) Stirrup area in excess of that required for shear and torsion
is provided along each terminated bar over a distance from
the termination point equal to three-fourths the effective
depth. The excess stirrup area shall not be less than
60 bws/fy. The spacing, s, shall not exceed (d/8)/6b where
Bb is the ratio of area terminated to total area of tension
reinforcement at the section.

(Z21) For #11 bars and smaller, continuing reinforcement provides
at least double the area required for flexure at the cutoff

point and shear does not exceed three-fourths that permitted.

At least one-third the positive moment reinforcement in simple spans and one-
fourth the positive moment reinforcement in continuous spans shall extend

along the same face of the span into the support at least 6 inches.

At simple supports and at points of inflection, positive moment tension rein-
forcement shall be limited to a bar diameter such that the development length,

Qd, satisfies the relation

Qd_g gﬂ-+ Qa (90)
u
where
Mn = nominal moment strength assuming all reinforcement at the
section to be stressed to fy, in-1bs
Vu = required shear strength at the section, 1bs
a = at a support, the sum of the embedment length beyond the

center of the support and the equivalent embedment length
of any hook; at a point of inflection, the effective depth
of the member or 12 bar diameters, whichever is greater,
The value of Mn/Vu may be increased 30 percent when the ends of reinforcement

are confined by a compressive reaction.

At least one-third the negative moment reinforcement at a support shall extend
beyond the extreme position of the point of inflection a distance not less than
the effective depth of the member, 12 bar diameters, or one-sixteenth the clear

span, whichever is greater.
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Development of Web Reinforcement
‘ Ends of single leg, simple or multiple U-stirrups shall be anchored by one of
the following means:
(¢) A standard hook plus an embedment of 0.5 Ed. The 0.5 Qd

embedment of a stirrup leg shall be taken as the distance
between middepth of a member and the point of tangency of
the hook.

(ZZ) Embedment d/2 above or below middepth on the compression
side of the member for a full development length, Qd’ but
not less than 24 bar diameters, or 12 inches.

(2272) For #5 bar and smaller, bending around a longitudinal bar
through at least 135 degrees plus, for stirrups with a
design stress greater than 40,000 psi, an embedment of
0.33 Qd. The 0.33 Qd embedment shall be taken as the dis-
tance between middepth of the member and the point of

tangency of the hook.

Between anchored ends, each bend in the continuous portion of a stirrup shall

. enclose a longitudinal bar.

Pairs of U-stirrups so placed as to form a closed unit shall be considered

properly spliced when length of laps are 1.7 & In members at least 18 in-

4
ches deep, such stirrups with Ab fy X 9000 1bs per leg may be considered
adequately spliced if the stirrup legs extend the full available depth of
member.
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Lap Splices in Reinforcement

General

To ensure ductile behavior, lap splices should be adequate to develop more
than the yield strength of the reinforcement. Splices should, if possible,
be located away from points of maximum tensile stress. Splices should be

made at or close to points of inflection if it is practical to do so.
Lap splices shall not be used for bars larger than #11. Lap splices need
not be in contact. Bars in a noncontact splice shall not be farther apart

than 1/5 the required length of lap nor 6 inches.

Lap splice lengths are in terms of the full yield stress of the bar. That

is, required lengths are not functions of computed stress in the bar.

Tension Lap Splices

Three classes of tension lap splices are established. The minimum length of
lap is determined as a multiplier for the class times the development length,

2., but not less than 30 bar diameters. The classes and minimum lengths are:

d)
Class A splice . . . . ... . . . 1.0 Rd
Class B splice . . . . . . . . . 1.3 Rd
Class C splice . .~ . . . . . . . 1.7 Rd.

The splice class required depends upon the stress level in the reinforcement to
be spliced and the portion of the total reinforcement to be spliced at the cross

section.

If the area of tensile steel provided at the splice location is equal to or more
than twice that required by analysis (low tensile stress in the reinforcement)
and not more than 75 percent of the bars are to be lap spliced within the re-
quired lap splice length, a Class A splice may be used. If more than 75 per-
cent of the bars are to be lap spliced within the required lap splice length, a

Class B splice is required.

If the area of tensile steel provided at the splice location is less than twice
that required by analysis (high tensile stress in reinforcement) and not more
than 50 percent of the bars are to be lap spliced within the required lap splice

length, a Class B splice may be used. If more than 50 percent of the bars are
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to be lap spliced within the required lap splice length, a Class C splice is

required.

Note that the preferred splice layout thus consists of staggered splices all

located away from sections of maximum tensile stress.

The development length, Qd’ used in the calculation of splice lap must in-

corporate the multiplier for top bars if applicable, may incorporate the mul-
tiplier for wide spacing when applicable, and may not incorporate the multi-
plier for excess longitudinal reinforcement. The effect of excess longitudi-

nal reinforcement is included in determining the splice class to be used.

Compression Lap Splices

The minimum length of lap for compression lap splices is the larger of the de-

b? 24 bar diameters, or 12
inches. For fé < 3000 psi, the lap length shall be increased by 1/3.

velopment length, Rd, in compression, 0.005 fy d

Special Requirements - Flexure Plus Compressive Direct Force

Special requirements are imposed when a section is subjected to combined flex-
ure and direct compressive force. The interaction diagram aids in visualizing

the requirements.

Any section where splices are located, a minimum tensile strength shall be pro-
vided in each face. The minimum strength shall equal at least 1/4 the area of

longitudinal reinforcement in that face multiplier by the yield strength, fy'

For conditions where the steel stress in a tension face varies from zero to

1/2 fy’ a minimum tensile strength at least equal to twice the calculated ten-

sion must be maintained in that face. The tensile strength may be provided by

a combination of spliced bars and continuing unspliced bars, taken at the yield

strength, f .
y

For conditions where the tensile steel stress exceeds 1/2 fy, splice require-

ments are the same as those for a tension lap splice.
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Details of Reinforcement

Concrete Cover for Reinforcement . ‘

The minimum clear concrete cover over reinforcement is two inches except that

the minimum clear cover is three inches when the concrete is deposited on or
against earth. In the structural design of slabs or beams without web rein-
forcement, the distance from the surface of the concrete to the centerline of
the nearest reinforcing steel may be taken as 2 1/2 or 3 1/2 inches, as the
case may be, to simplify the determination of the effective depth, for all bars

one inch or less in diameter.
Consideration should be given to increasing the concrete cover when the surface
of a slab will be exposed to high flow velocities and the water carries abrasive

materials.

Temperature and Shrinkage Reinforcement

Reinforcing steel is required in both faces and in both (orthogonal) directions
in all concrete slabs and walls, except that only one grid of reinforcing is re-

quired in concrete linings of trapezoidal channels. The steel serves either as

principal reinforcement or as temperature and shrinkage reinforcement. The
function of temperature and shrinkage reinforcement is not to eliminate cracks,
it is to induce a sufficient number of small cracks so that no crack has exces-
sive width. Well laid out temperature and shrinkage steel also serves the im-

portant auxiliary function of tying the structure together.

Where principal steel is required in only one direction, it shall ordinarily be
placed nearer the concrete surface than the temperature steel. Where principal
steel 1s required in both directions, the steel that carries the larger moment
shall ordinarily be placed nearer the concrete surface. Where principal steel
is required in neither direction, the temperature steel parallel to the longer
dimension of the slab or wall will ordinarily be placed nearer the concrete sur-

face.

The minimum steel area, for slabs and walls having thickness equal to or less
than 32 inches, in each face and in each direction, expressed as the ratio, Py

of reinforcement area, AS, to gross concrete area, bt, are as follows: l

Steel in the direction in which the distance between expansion
or contraction joints does not exceed thirty feet,
Pt

°t

0.002 in the exposed face

0.001 in the unexposed face.
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Steel in the direction in which the distance between expansion

or contraction joints exceeds thirty feet,

0.003 in the exposed face

1]

pt
pt
The minimum steel area for slabs and walls having thicknesses greater than 32

u

0.002 in the unexposed face.
inches shall be computed as though the thickness were 32 inches

When expansion or contraction in a member is restrained along any line, the
concept of equivalent distance between expansion or contraction joints should
be used to determine the required steel ratio, Py The equivalent distance
is taken as double the perpendicular distance from the line of restraint to

the far edge or line of suppoft of the member.
When the surface of a wall or slab will be exposed for a considerable period
during construction, the steel provided should satisfy requirements for an

exposed face.

Where a single grid of reinforcement is used, as permitted above, the steel

ratio, pt, shall be the sum of that listed for both faces.

Splices and development lengths for temperature and shrinkage reinforcement

shall be designed for the full yield strength, fy.

Spacing of Reinforcement

The maximum spacing of principal steel shall be twice the thickness of the
slab or wall, but not more than 18 inches. The maximum spacing of temperature
and shrinkage steel shall be three times the thickness of the slab or wall,

but not more than 18 inches.

The clear distance between parallel bars in a layer shall not be less than the

bar diameter, 1 1/3 times the maximum size of the coarse aggregate, nor 1 inch.

Where parallel reinforcement is placed in two or more layers, bars in the upper
layers shall be placed directly above bars in the bottom layer. The clear dis-

tance between layers shall not be less than 1 inch.

The clear distance between bars also applies to the clear distance between a

contact lap splice and adjacent splices or bars.
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Minimum Tensile Reinforcement for Beams

This provision applies to flexural members other than slabs. Minimum re-
quirements for slabs are specified under temperature and shrinkage require-

ments.

With sufficiently small amounts of reinforcement, failure of a section by
flexure would be very sudden. This would occur when the moment strength
computed as a reinforced concrete section is less than the moment strength

computed as a plain concrete section.

To prevent such failures, a minimum steel requirement is specified. At any
section where reinforcement is required by analysis, the steel ratio, pbm’

provided shall not be less than
Opm = 200/fy (91)

unless the reinforcement provided at the section is at least one-third greater

than that required by the analysis.
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Steel in the direction in which the distance between expansion
or contraction joints exceeds thirty feet,
pt = 0.003 in the exposed face
Py = 0.002 in the unexposed face.
The minimum steel area for slabs and walls having thicknesses greater than 32

inches shall be computed as though the thickness were 32 inches

When expansion or contraction in a member is restrained along any line, the
concept of equivalent distance between expansion or contraction joints should
be used to determine the required steel ratio, Py The equivalent distance
is taken as double the perpendicular distance from the line of restraint to

the far edge or line of support of the member.
When the surface of a wall or slab will be exposed for a considerable period
during construction, the steel provided should satisfy requirements for an

exposed face.

Where a single grid of reinforcement is used, as permitted above, the steel

ratio, pt, shall be the sum of that listed for both faces.

Splices and development lengths for temperature and shrinkage reinforcement

shall be designed for the full yield strength, fy.

Spacing of Reinforcement

The maximum spacing of principal steel shall be twice the thickness of the
slab or wall, but not more than 18 inches. The maximum spacing of temperature
and shrinkage steel shall be three times the thickness of the slab or wall,

but not more than 18 inches.

The clear distance between parallel bars in a layer shall not be less than the

bar diameter, 1 1/3 times the maximum size of the coarse aggregate, nor 1 inch.

Where parallel reinforcement is placed in two or more layers, bars in the upper
layers shall be placed directly above bars in the bottom layer. The clear dis-

tance between layers shall not be less than 1 inch.

The clear distance between bars also applies to the clear distance between a

contact lap splice and adjacent splices or bars.



42

Minimum Tensile Reinforcement for Beams

This provision applies to flexural members other than slabs. Minimum re-

quirements for slabs are specified under temperature and shrinkage require-

ments.

With sufficiently small amounts of reinforcement, failure of a section by
flexure would be very sudden. This would occur when the moment strength
computed as a reinforced concrete section is less than the moment strength

computed as a plain concrete section.

To prevent such failures, a minimum steel requirement is specified. At any
section where reinforcement is required by analysis, the steel ratio, pbm’
provided shall not be less than

Dbm = 200/fy ‘ (91)

unless the reinforcement provided at the section is at least one-third greater

than that required by the analysis.




Table 1. Flexure steel ratios.

Grade Class _
of of o 0.5p 0 0, /P,
Steel Concrete b b shy shy”"b
60 6000 0.03773 0.01886 0.01368 0.36
5000 0.03354 0.01677 0.01073 0.32
4000 0.02851 0.01425 0.00795 0.28
3000 0.02138 0.01069 0.00538 0.25
2500 0.01782 0.00891 0.00419 0.24
50 6000 0.04858 0.02429 0.01844 0.38
5000 0.04318 0.02159 0.01451 0.34
4000 0.03671 0.01835 0.01080 0.29
3000 0.02753 0.01376 0.00735 0.27
2500 0.02294 0.01147 0.00574 0.25
40 6000 0.06551 0.03275 0.02629 0.40
5000 0.05823 0.02911 0.02079 0.36
4000 0.04949 0.02475 0.01556 0.31
3000 0.03712 0.01856 0.01066 0.29
2500 0.03093 0.01547 0.00837 0.27







STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN.
AREAS AND PERIMETERS OF BARS AT VARIOUS SPACINGS
FOR 12 INCH WIDTH

Areas given in top figures in square inches
Perimeters given in bottom figures in inches
Bar Size .
Spacing Spacing
#3 #4 #5 #6 #7 ' #8 #9 #10 #11
2 0.66 1.18 1.84 2.65 2
7.07 9.42 J).78 4. 14
0.59 1.05 1. 64 2.36 3.21
24/4 6.28 8.38 10.47 12.57 14.66 21/4
0.53 0.94 1.47 2.12 2.89
1172 5.65 7.54 9.42 1.3 13.20 111
0.48 0.86 1.34 1.93 2.62
23/4 5.14 6.85 8.57 10. 28 12.00 13/4
3 0.4y 0.79 .23 1.77 2.40 4.00 3
4.71 6.28 7.85 9. 42 11.00 14.18
0.4l 0.73 1.13 1.63 2.22 3.69
31/4 4.35 5.80 7.25 8.70 10. 15 13.09 31/4
0.38 0.67 1.05 1.51 2.06 3.43 4.34
311 u.04 5.39 6.73 8.08 9.42 12.15 13.68 311
0.35 0.63 0.98 1.4} 1.92 3.20 4.05 5.00
33/4 3.77 5.03 6.28 7.54 8.80 1. 34 12.77 4. 18 33/4
4 0.33 0.59 0.92 1.33 1.80 3.00 3.80 4.69 4
3.53 4.71 5.89 7.07 8.25 10.63 11.97 13. 29
0.31 0.55 0.87 1.25 1.70 2.82 3.57 [
4174 3.33 Y. uy '5.54 6.65 7.76 10.01 11.27 )2.51 41/4
0.29 0.52 0.82 1.18 1.60 .67 3.37 u.17
411 3. 14 4. 19 5.24 6. 28 7.33 .45 10.64 11.81 4172
0.28 0.50 0.78 1. 12 1.50 .53 3.20 3.95
43/4 2.98 3.97 4.96 5.95 6.94 .95 10.08 11.19 43/4
5 0.26 0.47 0.74 1.06 [ .40 3. 3.75 s
2.83 3.77 4.71 5.65 6.60 .51 9. 10.63
0.25 0.45 0.70 1.0} 1.37 .29 2. 3.57
5174 2.69 3.59 4.49 5.39 6.28 .10 9. 10. 13 5174
0.24 0.u3 0.67 0.96 1.31 .18 2. 3.41
511 2.57 3.43 4.28 5. 14 6.00 .73 8. 9.66 5172
0.23 0. 41 0.64 0.92 1.25 .09 2. 3.26
53/4 2,486 3.28 4. 10 4.92 5.74 .40 8. 9.25 53/4
6 0.22 0.39 0.61 0.88 1.20 .00 2. 3.12 6
2.36 3. 14 3.93 4.71 5. 50 .09 7. 8.86
0.20 0.36 0.57 0.82 .11 .85 2. 2.88
6172 2.18 2.90 3.62 4.35 5.07 .54 7. 8.18 61/2
7 0.19 0.34 0.53 0.76 1.03 71 2. 2.68 7
2.02 2.69% -3.37 4.04 4.71 .08 6. 7.59
0.18 0.3l 0.49 0.71 0.96 .60 2. 2.50
Tin 1.89 2.51 3,14 3.77 4.40 .67 6. 7.09 711
8 0.17 0.29 0.46 0.66 0.90 .50 [B 2,34 8
.77 2.36 2.95 3.53 4.12 .32 5. 6.65
0.16 0.28 - 0.43 0.62 0.85 A 1. 2.2l
811 1.66 2,2 2.77 3.33 3.88 .00 5. 6.25 817
9 0.15 0.26 0.41 0.59 0.80 .33 I. 2.08 9
1.57 2.09 2.62 3.1y 3.67 .73 5. 5.91
0.14 0.25 0.39 0.56 0.76 .26 l. 1.97
911 1.49 1.98 2.48 2.98 347 .u8 5. 5.60 911
10 0.13 0.2y 0.37 0.53 0.72 .20 [ |.88 10
1.4 i.88 2.36 2.83 3.30 .25 4. 5.32
0.13 0.22 0.35 0.50 0.69 .14 l. 1.79
10112 .35 .80 2.24 2.69 3.1y 205 4. 5.06 10172
1 0.12 0.21 0.33 0.48 0.66 .09 [ 1.70 1
i.29 1.71 2. 14 2.57 3.00 .87 4. 4.83
0.12 0.20 0.32 0.46 0.63 .04 l. 1.63
I |/2’ 1.23 1.64 2.05 2.46 2.87 .70 4. 4.62 112
B = 0.8%
12 i 2% 75 uik 12
0.56 1.4y
13 2.54 4.09 13
0.52 1.34
14 2.36 3.80 14
0.u8 }.25
15 2.20 3.54 5
0.45 1.17
16 2.06 3.32 16
0.42 1.10
17 1.9y 3.13 1”
0.40 1.04
i8 1.83 2.95 8
#1 #11
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STRUCTURAL DESIGN:
BAR

TEMPERATURE AND SHRINKAGE STEEL

REINFORCED CONCRETE
SPACINGS FOR

DESIGN
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t = thickness of slab or wall, inches

3 5 5 6 7

s = bar spacing, inches - for pi = 0.001

§ 910 12 14 16 18

s = bar spacing, inches - for py = 0.002

4 5 6 7 80910 12 14

16 18

2 3 4 5 6 7 8 910 12 14 1618
s - A s = bar spacing, inches -~ for py = 0.00%
T pit
E A = area of bar, sq in.
Pt = temperature and shrinkage steel ratio
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STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN, STRENGTH DESIGN
BENDING ONLY OR BENDING COMBINED WITH DIRECT FORCE

SINGLY REINFORCED SECTIONS, 12 INCH WIDTH

fy = 40 ksi

f_ = 2500 psi
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Wnen using steel ratio curves,
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Chart lines marked py and Ppp Bive mirnimum
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For moment or moment and compressive direct
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NOMENCLATURE

nominal moment strength of
section, ft-Kips
equivalent nominal moment
strength, ft-kips

nomipal direct force
strength, kips

effective depth, inches

d - t/2

total depth of section,
inches

equivalent tensile steel
area, sq. in.

tensile steel area, sg. in.
temperature and shrinkage
steel ratio

= minimum steel ratio for

flexural members except slabs
maximum steel ratio for ser-
vice hydrsulic structures,

for slngly reinforced sections
under flexure without direct
force

maximum steel ratic for other
than hydraulic structures, for
singly reinforced sections
under flexure without direct
force

steel ratio producing balanced
strain conditions for singly
reilnforced sections undex
flexure without direct force
strength reduction factor

CHART CONSTANTS

’ Gao ‘. £§ = 2500 psi

E, = 2,880,000 psi
fy = 40 ksi

Es = 29,000,000 psi
n =10.1

NOMINAL STRENGTHS

Design strength must equal or exceed
required strength. Thus nominsl mo-
ment strength and nominal direct force
strength are obtained by dividing re-
quired moment strength and required
direct force strength by the appro-
priate strength reduction factor, §.

CONDITIONS FOR WHICH CHART APPLIES
Sections having moment only:
Mg = Mp 5 Ay = 4
Sectlons having moment and compressive
direct force: .
an Ny
Mos =Mp + Ny 35 5 Ag = A~ F
Solution does not apply if Ay < O.

Sections having moment and tensile
direct force:

a S
Mns:Mn““nE} AS:A+fy
Chart does not apply for Mps < O.

LIMITATIONS

For hydraulic structures:

Soluticn applies for all A not
exceeding A corresponding to
Aghy for the given 4.

Solution applies for A greater
than A corresfnding to Psys
say Apshy" for the given d if

Wy & £,(4- Apshy)

For other than hydramlie structures:
Solution applies for all A not
exceeding A corresponding to
Ppayx for the given d.
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STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN, STRENGTH DESIGN
BENDING ONLY OR BENDING COMBINED WITH DIRECT FORCE , _
SINGLY REINFORCED SECTIONS, 12 INCH WIDTH ¢~ 3000 psi

fy =40 ksi

Equivalent steel area, A, square inches
0.2 0.3 0.4 05 0.6 07 08 09 1.0 '

CHART CONSTANTS
£1 = 3000 psi
E. = 3,160,000 psi
fy = 40 ksi
Eg = 29,000,000 psi
n =9.2

NOMINAL STRENGTHS

Design stremgth must equal or exceed
required strength. Thus nominal mo-
ment strength and nominal direct force
strength are obtained by dividing re-
quired moment strength and reguired
direct force strength by the appro-
vriate strength reduction factor, §.

’d
[
£
5]
£
5
£
810
@
-]
2°
= .
E 8 nominal mowent strength of CONDITIONS FOR WHICH CHART APPLIES
section, ft-kips
w ’ d
Mps = equivalept nominal moment Sections having moment only
5 strength,  ft-kips Mpg =Mp 5 A5 =4
Moo= ?ﬁ;‘:inhﬁ;ﬁ force Sections heving moment and compressive
) :
6 4 = effective depth, inches direct force: a Fp
" =d4-tfa ) Mps = Mp + Ny 35 5 Ag = AT F
t = total depth of section, . Y
inches Solution does mot apply if Ag < O.
5 A = equivelent tensile steel Sections having moment and tensile
area, sq. 1. direct force:
Ag = tensile steel area, sq. 1m. an o B
py = temperature and shrinkage Mg =Mn~ M35 5 A=A+ Ty
steel ratio Chart does not apply for Mpg < O.
4 Ppm = minimum steel ratio for
flexural members except slabs
= maxi steel ratio for ser- LIMITATIONS
STEEL RATTOS Pshy T
vice hydraulic structures, For hydreulic structures:
When using steel ratio curves, for singly reinforced sections Solution applies for all A mot
mentally redesigngte A as Ag, thus under flexure without direct exceedipg A corresponding to
El e A _ force . Psny TOF the givem d.
p=f amg ppoSa «(_'\Ej Pmax = Maximum steel ratio for other Solution applies for 4 greater
bd bt T b(d +2.5 than hydraulic structures, for than A dine &
c 1 ked a 5 ini singly reinforced sections an A corresponding 0 pghy,
hart pes marked py and py, give minipum under flexure without direct say Aps}\y’ for the given d if
values of Ag for slabs and beams respectively. force N, 2 £ (A- A )
= = o=y !
For moment or moment and compressive direct Py = steel ratio producing balanced shy
force, chart lines marked pgy, and ppey give strain conditions for singly  For other than hydraulic structures:
maximum values of Ay for hydraulic structures relnforced sections under Solution spplies for all A mot
and other structures respectively. flexure without direct force exceeding A corresponding to
- $# = strength reduction factor Ppax Tor the given d.
D DWG. NO.
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SINGLY REINFORCED SECTIONS, 12 INCH WIDTH

STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN, STRENGTH DESIGN
BENDING ONLY OR BENDING COMBINED WITH DIRECT FORCE

fy =40 ksi

f¢ = 4000 psi

Equivalent steel area, A, square inches

07 08 09 10

Design strength must equal or exceed
Tequired strength. Thus nominel mo-
ument strength and nominal direct force
strength ere obtained by dividing re-

CHART CONSTANTS
= 4000 psi

= 3,600,000 psi
= 40 ksi

= 29,000,000 psi
= 8.0

NOMINAL STRENGTHS

quired moment strength and required
direct force stremgth by the appro-
priate strength reduction factor, #.

U.S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE
ENGINEERING DIVISION - DESIGN UNIT

n
[}
<
o
£
h°)
£
all |
@ !
© 1
2°
F NOMENCLATURE
8 i
E = nominal moment strength of CONDITIONS FOR WHICH CHART APPLIES
section, ft-kips . .
7 = equivalent nominal moment Sections heving mouent only:
strength, f-kips Mug =Mp 5 Ay = A
= pominal direct force Sections having moment and compressive
6 strength, kips direct force:
effective depth, inches ar Nn
d@ - tf2 Mps =My + Ny 75 5 A = A~ F_
= total depth of section, .
5 inches Solution does not apply if Ag < 0.
= equivelent tensile steel Sections having moment and tensile
area, sq. im. Qirect force:
= tensile steel area, sq. in. ar . Nn
= temperature and shrinkage Mo =Mp —Mp 15 5 As=A+3
4 steel ratio Ch
art does not 2 for Mpg < 0.
= minlmum steel ratio for zat apply ns
flexursl members except slabs
. Pshy = maximum steel ratio for ser- LIMITATTIONS
STEEL RATIOS vice hydraulle structures, For hydraulic structures:
When using steel ratio curves, for singly reinforced sections Solution applies for ail A mot
3 mentally redesignate A ss Ag, thus gnder flexure without direct exceeding A corresponding to
orce i
- the given d.
As 7_Ai_ = maxi steel ratic for other Pehy §or
- =5 a = Pmax = maximum ratioc for
P =ba % Pt T B TE(dr2) then hydraullc structures, for ~ °pution applies for A greater
: c N singly reinforced sections than A corresponding to Pshys
Chert lines marked p, &nd Ppp &ive minimum under flexure without direct say A“slw’ for the given 4 if
values of Ag Tor slabds &nd beams respectively. Force N,z £,(A- A )
For moment or moment and compressive direct Pp = steel ratio producing balanced - Y Pey
force, chert lines marked pgy, and ppa, glve strain conditions for singly  For other than hydrsulic structures:
maxinup values of A, for hydreulic structures reinfarced sections under Solution applies for all A not
and other structures respectively. flexure without direct force exceeding A corresponding to
- ¢ = strength reduction factor Ppax for the given d.
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STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN, STRENGTH DESIGN
BENDING ONLY OR BENDING COMBINED WITH DIRECT FORCE

SINGLY REINFORCED SECTIONS, 12 INCH WIDTH

fy =40 ksi

f¢=5000 psi

Etfective depth, d, inches
o

0.2 0.3

Q.
A

Equivalent steel area, A, square inches
0.7 08 09 1.0

NASRANR

~IN

8 9 10 11 12 131415 .

NN

R NN

STEEL RATTOS

—.A.sl

b=12
NOMENCLATURE

Mp = nominal mowent strength of
section, ft-kips

Mps = cquivalent nominal moment
strength, Tt-kipe

Nn = nomizal direct torce
strength, kips

4 = effective depth, inches

ar =d-vf2

t = total depth of section,
inches

A = equivalent tensile steel
aree, 6q. in.

Ag = tenslle steel area, aq. in.

py = temperature and shrinkage
steel ratio

Pbm = Winimum steel ratio for
flexural members except slebs

Pehy = maximum steel ratlo for ser-
vice hydraulic structures,

NOMINAL STRENGTHS

Design strength must equal or exceed
required strength. Thus nominel mo-
ment strength and nomiaal direct force
strengrh are obtained by dividing re-
quired moment strength and required
direct force strength by the mppro-
priate strepgth reductlon factor, §.

Tyh

CONDITIONS FOR WHICH CHART APPLIES
Sections having moment only:
Mpg =My 5 Ag = A

Sections having moment and compressive
direct force:

o Ty
Hog = Mg + Ny 75 5 A= AT T
Solution does not apply Lif Ag < O

Scctlons having moment and temsile
direct force:

X,

a i 3

Mos = My~ Np T3 AS=A+fy
Chert does not apply for Mp, < 0.

. LIMITATIONS
For bydraulic structures:

3 G - Yo When using steel ratio curves, for singly reinforced sections Solution applics for all A ot
° mentally redesignete A es Ag, thus under flexure without direct exceeding A corresponding to
force .
4.
Ag Ag _ 1 teel ratlo ¢ th Pghy for the given
=28 e a8 Ogax = Waximum eteel ratlo for other .
=i L% TR v 2.5 thea hydreulic structures, for  Wlutlen opplies for 4 ge‘gtg’
. . s
Chart lines warked py 2ad py, give minimum :ﬁﬁyﬁiﬁrﬁ:}.;ﬁitﬁ:zcz B Apgpys for the glven 4 Af
values of Ay for slabs anc beams respectively. Tores ° Ny (A A )
- n o
For moment or moment and compreesive direct Pp = steel ratio producing balanced ¥ shy
force, chart lines marked Pghy and ppax glve strain conditions for singly For other than hydraulic structures:
maximun values of Ag for hydraulic structures relnforced sections under Solution applies for all A nat
and other structures respectively. flexure vithout direct force exceeding A corresponding to
$# = strength reduction factor Puax for the given d.
REFERENCE STANDARD DWG, NO.
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STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN, STRENGTH DESIGN
BENDING ONLY OR BENDING COMBINED WITH DIRECT FORCE
SINGLY REINFORCED SECTIONS, 12 INCH WIDTH

fy = 40 ksi
f¢ = 6000 psi

Equivalent steel area, )-\, square inches
08 09 1.0

NOMINAL STRENGTHS
Design strength must equal or exceed
required strength. Thus nominal mo-
ment strength and nominal direct force
@ strength are obtained by dividing re-
o quired moment strength and required
5 direct force stremgth by the appro- .
< priste strength reduction factor, §.
s =
£ i)
210 ==
el
Q
2 ®
=
153
&
S e £
]
NOMENCLATURE
7 = uominal moment strength of CONDITIONS FOR WHICH CEART APPLIES
section, ft-kips N N .
= equivalent nominal moment Sectlons having moment only:
PR VAN \ strength, ft-kips Mg =Mp 5 A5 =A
= noslnal direct force Sections having moment and compréssive
N strength, kips dfrect force:
= effective depth, inches : a N,
Y S—— - =4 - /e Mog =Mp + Ny 35 5 Ag = A F
= total depth of section, .
inches Solution does mot apply if Ag < O
\ o H = equivalent tensile steel Sections having woment and tensile
| area, sq. in. dlrect force:
P S = tenslle steel area, sq. inm. a . Ny
) = temperature and shrinkage Myg = Mn = Np 75 5 Aa= A+ fy
steel ratio
: Chart does not for Mpg < 0.
L = minimum steel ratio for apply for Mps
flexural members except slabs
= maximum steel ratio for ser- LIMITATIONS
STEEL RATTOS Pahy hydeaitc atro
~ vice hydraulle structures, For hydraulic structures:
3 oo When using steel ratic curves, tor singly reinforced seetlons Solutiongapplies Tor all A not
mentally redesignate A as Ag, thus \fnolgz flexure without direct exceedlng A corresponding to
Tor the given d.
As As '(_As—j = maximu steel ratio for othe Pshy &
= =8 d == _ Pmax = un steel ratio for other .
P=% ™ PR tRT a5 than hydraulic structures, for b”i::?: :gfll_:z;oﬁg:ng fse;’tz;
4 o, and singly reinforced sections shy,
Chart lines marked py amd pyy give wintmn under flexure vithout direct 84Y Aggpys Tor the given d if
values of A for slabs and beams respectively. force Nk Lok~ A )
- o Py
For moment or moment and compressive direct Py = steel ratio producing balanced v shy’
force, chart lines marked pgpny &Nd Ppax glve strala condltlons for singly  For other than hydrawlic structures:
waximun values of Ag for hydrsulic structures Teinforced sections under Solution applies for all A mot
and other strudtures respectively. Tlexure without direct force exceeding A corresponding o
# = strength reduction Thetor Ppax for the given d.
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STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN, STRENGTH DESIGN
BENDING ONLY OR BENDING COMBINED WITH DIRECT FORCE , _
SINGLY REINFORCED SECTIONS, 12 INCH WIDTH ' fc= 2500 psi

fy=50 ksi

Equivalent steel area, A, square inches
0.1 0.2 0.3 0.4 0.5 06 07 08 09 1.0

o ORI

\\\\\\\\ CHART CONSTANTS
\ . t! = 2500 psi
. . - < 3
30 \\\\\\\ E, = 2,880,000 psi
3 1y = 50 ksi
N B¢ = 29,000,000 psi
n = 10.1

NOMINAL STRENGTHS

Design strength must equal or exceed
required strength. Thus naminal mo-
ment strength and nominal direct force
strength are obtained by dividing re-
quircd moment strength and required
direct force strength by the appro-

NN

20

priate strength reduction factor, §.
t
4 d -~
" ND
o
S '».Aosl My
£
o b= 12
= NOMENCLATURE
§l0 = nominal moment strength of CONDITIONS FOR WEICH CHART APPLIES
- section, ft-kips [ R .
o 9 = equivalent nominal moment Sections havisg moment only:
> strength, ft-kips Mpg =My 5 Ag = A
° = pominal direct force
28 " ctrength, kips Sections having moment and compressive
, 'kips oroe:
i = effective depth, inches direct force: a Ny,
7 - t/2 Mm::Mn"’NnES Ag = A F
= total depth of section, . .
inches Solution does not apply if Ag < O
= equlvalent tensile steel Sections having moment and tensile
6 area, sq. in. direct force:
= tensile steel area, 5q. in. ar Np
= temperature and shrinkage Mys = Mn ~No 75 5 A=A+ I,
steel ratio Chert does not apply for Mpg < O.
5 = minimum steel ratio for
flexural members except slabs
Pshy = maximum steel ratio for ser- LIMITATIONS
STEEL RATIOS vice hydraulic structures, For hydraulic structures:
When using steel ratio curves, for singly reinforced scctions Solution applies for all A not
4 mentally redesignate A as Ag, thus ;:‘i“ flexure without direct exceeding A corresponding to
ce for the given d.
R . T_Aﬁ_ Puex = meximm steel ratio for other on iy o e o o reate
bd T T b(a 2.5 than hydraulic structures, for Louion applies for A greater
. ive mind singly reinforced sections than A corresponding to pghy,
Chart lines marked p, and py give minimum under Tlexure vithest divect say Anshg, for the given d if
values of Ag for slabs and beams respectively. force N s f(a- & )
- : n Y P,
3 For moment or moment and compressive direct By = stecl ratio producing balanced shy
force, chert limes marked pgyy and pgay glve strain conditions for singly  For other tham hydrsulic structures:
maximm values of Ay for hydraulic structures relnforced sections under Solution applies for all A not
and other structures respectively. flexure without direct force exceeding A corresponding to
# = strength reduction factor Ppax for the given 4.
-
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STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN, STRENGTH DESIGN
BENDING ONLY OR BENDING COMBINED WITH DIRECT FORCE
SINGLY REINFORCED SECTIONS, 12 INCH WIDTH

fy =50 ksi
f. = 3000 psi

0.2 ) 0.3
NN

0.6

Equivalent steel area, A, square inches
07 08 09 1.0

NN

4

NN

CHART CONSTARTS

£1 = 3000 psi

E¢ = 3,160,000 psi
fy = 50 ksi

Eg = 29,000,000 psi
n =9.2

NOMINAL STRENGTHS

Design strength must equal or exceed
required strength. Thus nominal mo-
ment strength and nominal direct force
strength are obtained by dividing re-
quired moment strength and required
direct force strength by the Appro-
priate strength reduction factor, §.

?
8 . =
g ‘N_n’ — =
] an ¥
c
'T - n% ® iy Mp l=m = Sl
ke Tyds
:’ =
alo b=12
5 NOMENCLATURE
o M, = nominal moment strength of CONDITIONS FOR WHICH CHART APPLIES
e 9 ° tion, ft-ki
2 section, ~kips N )
5 ¥ng = equivalent nominal moment Sections having woment only:
88 strength, ft-kips Mg =Mp 5 Ag =4
h) Ny = pominal direct force N : N
Sections having moment and compressive
strength, kips diTect fo. N
7 4 = effective depth, inches Tect lorce: ar Ny
@ =a-tfe Mng =Mn + Ny 75 5 A= A= %
t = total depth of cection, . vy
6 inches Solution does not apply if Ag < O
& = equivalent tensile steel Sections having moment end tensile
ares, sq. in. direct force:
As = tensile steel area, sq. in. an h
5 Py = temperature and shrinkage Mpg = Mp — Ny 1 5 A=A+ T,
steel ratio Chart does pot spply for M 0
Pbn = minimm steel ratio for PPl for s < O.
flexural members except slabs
Pshy = maximum steel ratio for ser- LIMITATIONS
STEEL RATIOS vice t_:yd.rs.ulic structures, For hydraulic structures:
4 When using steel ratio curves, for singly reinforced sections Salution applies for all A not
mentally redesignate 4 as Ag, thus under flexure without direct exceeding A corresponding to
= force i
for th d.
o = As and py = A - ﬁALy Ppax = maximum steel ratio for other s ;mt“i, 2 ? gvi/‘en " +
bd T Th(E 25 than hydraulic structures, for on cofieg; T g Zrenter
i shys
Chart lines marked oy and py, give minimum singly relnforced sections say Ay , for the given 4 if
3 values of for slabs aud beems respectivel. under flexure without direct shy
A pe ¥ force Ny & fy(A - Ap, )
".‘9 For moment or moment and compressive direct Py = steel ratlo producing balanced shy
force, chart lines marked pgpy, and prey give strain conditiona for singly  For other them hydrawlic structures:
maximum values of Ag for hydraulic structures reinforced sections under Solution applies for all A mot
and other structures respectively. flexure without direct force exceeding A corresponding to
# = strength reduction factor Ppax for the given d.
-
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STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN, STRENGTH DESIGN 50 kei
BENDING ONLY OR BENDING COMBINED WITH DIRECT FORCE y ‘
SINGLY REINFORCED SECTIONS, 12 INCH WIDTH fe - 4000 psi
Equivalent steel area, A, square inches
07 6 8 9

08 09 10

RN, %

d eoo CHART CONSTANTS
P G £1 = 4000 pei
s% E, = 3,600,000 psi

—
o

Effective depth, d, inches

Mpe

&
&
6\‘} —l—— .A.S .

Ty = 50 kat

i ‘700 1-: = 29,000,000 pai

n =8.0

NOMINAL STRENGTHS

Design strength must equal or exceed
required strength. Thus nominal mo-
nent strength and nominal direct force
strength are obtained by dividing re-
quired moment strength and required
direct force strength by the appro-
priate strength reduction factor, §.

t
e el S
Nﬂ a”
My | L

=

b=12
NOMENCLATURE
= nominal moment strength of
section, ft-kips
= equivalent nominal moment
atrength, T't-kips

£y hs

CONDITIONS FOR WHICH CHART APPLIES
Bections having moument only:
Mug =My 5 A= A

7 M= ::::g:ihdlﬁ;: force Sections having moment and compressive
» "
4 = effective depth, inches @irect force: ar Ny
" =a-t/f2 Mpg =Mp + Ny 5 5 g = A §
6 t = total depth of section, . .
inches Solution does not apply if Ag < O
A = equivalent tensile steel Sections having moment and tensile
eres, sq. ino. direct force:
5 Ag = tenaile steel area, sq. in. an Np
py = temperature and shrinkage Mg = My — N 5 5 M=A+F
steel ratio Chart does not epply for < 0.
ppg = minimm steel ratio for 2ely Y
flexural members except slebs
4 STERL RATIOS Pghy = meximum steel ratic for ser- . LIMITATIONS
vice l}yd.raulic structures, For hydrayic structures:
When using steel ratio curves, for singly reinforced sections Solution applies for all A mot
mentally redesignate A as Ag, thus under flexure without direct exceeding A corresponding to
As ﬁs_T for:; teel ratio for other Pshy for the given d.
88 na -3 _ Ppax = Daximum steel ratio e
> P =%a * Pt =%t = bld 7 2.5 than hydrawlic structures, for Solution applies for A greater
3 L ingl: 1afo a tions than A corresponding to psby;
; Chart lipes marked p, and p,. give minimum slngly reinforced sec say A, for the given d if
t bm a Behy? g
> under flexure without direct by
values of A; for slabs and besms respectively. force Ny = £ (a-a )
= - s ¥
For moment or moment and compressive direct Fp = steel ratlo producing balanced Pehy
force, chart lineswarked pgpy, and ppgy give strain conditions for singly  For other then hydreulic structures:
meximun values of Ag for hydraulic structures reinforced aections under Solution spplies for all A mot
and other structures respectively. flexure vithout direct force exceeding A corresponding to
# = strength reduction factor Pmax for the given d.
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STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN, STRENGTH DESIGN
BENDING ONLY OR BENDING COMBINED WITH DIRECT FORCE
SINGLY REINFORCED SECTIONS, 12 INCH WIDTH

fy =50 ksi
f¢ = 5000 psi

0.1

A

Equivalent steel area, A, square inches
0.7 08 09 1.0

SN

NN NN

30

RN

7

NPT ET 4

CHART CONSTANTS

DI s 6.9:°04

£ = 5000 psi

E, = 4,070,000 psi
£y = 50 ksl

B, = 29,000,000 psi
n =71

NOMINAL STRENGTHS

Design strength must equal or exceed
required strength. Uhus vomimel wo-

Effective depth, d, inches

Pbm = minimum steel ratio for

s = equivalent nominal moment

ment strength and nomtpal direct force
strength are obtained by dividing Te-
quired moment strength and required
direct force stremgth by the appro-
priate strength reduction factor, §.

'IAf.
=

= nominal moment strength of
section, Tt-kips

“NOMENCLATURE

CONDITIONS ¥OR WHICIL CHART APPLIES

Sectlions heving moment only:
strength, ft-kips Mpg =My ; Ag = A
= nominal direct force

strength, Kips Sections having moment aud compressive

direct force:

= effective depth, inches an Ny

- /2 Mug =My + Mg 5 5 Ag= A7

= total depth of section, X ¥
inches Solution does not apply if Ag < O.

= equivalent temsile stcel
ares, sq. in.

= tensile steel ares, sg. ic.

= temperature and shrinkage
steel ratio

Sections having moment and temsile
dlrect force:

N
a bt

Mns =My — Ny 75 5 Ag = A+

Chert does mot apply for Myg < O.

flexural members except slabs

4 : L RATIOS Pehy = m;l-ximuma;beel rétiu :'Dr ser- ) LIMITATIONS
i - STEE vice hydraulic structures, ¥or hydraulic structures:
When using steel ratio curves, for singly reinforced sections Sclutign spplies for all A not
mentally redesignate A as Ag, thus under flexure without direct exceeding A corresponding to
force
.- _“a_j ppax = maximm steel ratio for other sorhy fox thz gi‘;en i‘ N
Ba t T Et T h(a+ 2.5 than hydraulic structures, for oo :gfie:;ongiu gronter
3 Chart lines merked py apd pyy give minimum stogly reinforced sections say Ao, for the given SYF
- under flexure without direct Py
> & values of A; for slabs and beams respectively. Tores o2 (A A )
_ n
For moment or moment end compressive direct Pp = steel ratio producing balanced 4 Fehy
zorce, chert lines marked e, 884 Ppay Elve strain conditions for slogly  For other then hydreulic structures:
maximum values of Ag for hydraulic structures reinforced sections under Solution applies for all A mot
and other séructurea respcctively. flexure without direct force exceeding A corresponding to
? = strength reduction Tactor Pmax for the given d.
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STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN, STRENGTH DESIGN
BENDING ONLY OR BENDING COMBINED WITH DIRECT FORCE
SINGLY REINFORCED SECTIONS, 12 INCH WIDTH

f, =50 ksi
f¢ = 6000 psi

Equivalent steel area, A, square inches
0.4 0.5 0.6 (})J )

ONOOAIRANN R

7

>

GO o b7
VA Ey

4

LA,
LI NS

%,

)
"_\Q
X

£

2

‘ X

%

CHART CONSTANTS

£8 = 6000 pei
B, = 4,460,000 psi

Ty = 50 ksi
Eg = 29,000,000 psi
o =6.5

NOMINAL STRENGTHS

Deslgn strength must equal or exceed
required strength. Thus nominal mo-
ment strevgth aod mominel direct force

| )
XKL \ i £ strength are obteined by dividing re-
X NN h quired moment strength and required
@ th o NG \‘\({: direct force stremgth by the appro-
c NN \ priave strength reducbion factor, g.
[ N ¥ 0
c b 11N
£ ; NS
£ H d
10 e BR
a : R
8 AN
3 AANRN Lo'de
¢ LORRE =
= b NGRS —~
k] i \\\ N b=12
g8 e e NOMENCLATUHE
hi % s \\\\ = noninal momenl strength of CONDITTIONS FOR WHICH CHART APPLIES
NN section, fi-kips R
7 RN = equivalent nominal moment Sections baving zoment only:
\ INERD strength, f't-kips Mog =My 5 Ay =4
SN \\ = nominel direct force :
N NG stremgth, kips Sectlons having moment and compressive
6 IR = effective depth, inches direct force: an ¥,
IR =d-tfe Mog <M + My S5 5 A=A F
b W W O T N = total depth of section, ¥
NN \\\:‘j . {nches Solution does not apply it 4 < O.
5 v RN = equivalent temsile steel Sevtions having moment and tepsile
i \\\\1 ercs, sg. in. direct force:
b = tensile steel area, sq. in. an Ny
: \\ AR N = temperature and shrinkage Mps =Mn = Np 77 5 As = A+ 7,
NS steel ratio
B chart does
R \ = minimm steel vatio for chart does 2ot epply for Mgs < 0.
4 IR flexural members except slebs
NG AR 2, Pshy = maximum steel ratio for ser- LIMITATIONS
i :\t ‘ ¢ vice hydraulic structures, For tydraulic structures:
* 4 % When using steel ratio curves, for singly reinforced sections Solution applies for all A not
,\9’/ meatally vedesignate A s Ag, thus under flexure without divect exfpeding A corresponding o
B ° o= ma oy A ..__As_j Ppax = meximun steel ratio for other Pshy for the given d.
3 <0 ba BT B{@r 25 thap hydrsulic structures, for 50:2202 “gPli:S §3§ A fremr
Chart lines marked p, and p,  glve minimum singly reloforced sections COrTeNponing Yo Py
t tm under flexure without direct 88y Apgyys for the given d if
values of A, for slebs and beams respectively. torce . '*: o )
-4
For moment or moment and compreasive direct By = steel ratio producing balsaced nny Paby
force, chart lines merked Pgpy and prox give strain conditions for singly For other than hydraulic structures:
maximun velues of Aq for hydraulic structures relpforced sectione under Solution applies for all A not
and other structures respectively. flexure without direct force exceeding A corresponding to
- P = strength reduction factor Ppgx £OT the glven d.
STANDARD DWG. NO.
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STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN, STRENGTH DESIGN
BENDING ONLY OR BENDING COMBINED WITH DIRECT FORCE
SINGLY REINFORCED SECTIONS, 12 INCH WIDTH

fy =60 ksi
f¢ =2500 psi

Equivalent steel area, A, square inches

0.3 0.4 07 08 09 10
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5 ! STEEL RATIOS
When using steel ratio curves,
mentally redesignate A as Ag, thus
As As Ay
4! P =g =md PL =% = 5@+ a5
! Chart lines marked Py end Ppp &1ve minimum

For moment or moment and compressive direct
force, chart lines marked Pshy and ppay give
maximum velues of A, for hydraulic structures
and other structures respectively.

values of A; for slabs and beams respectively.

S
[ TR TR

Pbm =

Pahy =

ol
o
L]

-
m

CHART CONSTANTS

£4 = 2500 psi

E; = 2,880,000 psi
fy = 60 ksi

Eg = 29,000,000 psi
n = 10.1

NOMINAL STRENGTHS

Design strength must equal or exceed
required strength. Thus nominal mo-
ment strength and nominal direct force
strepgth are obtained by dividing re-
quired moment strength amd required
direct force streagth by the appro-
priate strength reduction factor, §.

Lo'¥s

NOMENCLATURE

= pominal moment strength of

section, ft-kips

= equivalent nominal moment

strength, ft-kips
nomipal direct force
strength, kips

= effective depth, inches

- tf2

= total depth of scction,

inches

equivalent tensile steel

area, sq. in.

tensile steel area, sq. in.
temperature and shrinkage
steel ratio

minipum ateel ratio for
tlexural members except slabs
maximum steel ratio for ser-
vice hydraulic structures,

for singly reinforced sections
under flexure without direct
force

meximum steel ratio for other
than hydraulic structures, for
singly reinforced sections
under flexure without direct
force

steel ratio producing balanced
strain conditions for singly
reinforced sections under
flexure without direct force
strength reduction factor

CONDITIONS FOR WHICH CHART APPLIES
Sections having moment only:

Mns =My 3 Ag=aA
Sections having moment and compressive
direct force:
o [N
Moo =My # Vo iz kg = AT
Solution does not apply if Ag < O.

Sections having moment and tensile
direct force:

N
ar -2
s=Mn_NnE ; Ag = A+
Chart does not apply for Mpg < O.

LIMITATIONS

For bydraulic structures:

Solution applies for all A not
exceeding A corresponding to
Pshy for the given d.

Solution applies for A greater
than A corvsponding to Pghy,
say A"shy’ for the given d if

Ny & fy(A - Aasw)
For other thaen hydrautic structures:

Solution applies for all A mot
exceeding A corresponding to
Pmax for the given d.
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STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN, STRENGTH DESIGN

BENDING ONLY OR BENDING COMBINED WITH DIRECT
SINGLY REINFORCED SECTIONS, 12 INCH WIDTH

FORCE

fy =60 ksi

f¢ =3000 psi

Equivalent steel area, A, square inches

T 08 67 08 O

9 1.0

Effective depth, d, inches

maximum values

STEEL RATIOS

When using steel ratio curves,
mentally redesignate A as Ag, thus

Ay A _
L e TR ()

Chart liges marked py and py, give minimum
values of Ag for elsbs and beeams respectively.

For moment or moment and compressive direct
force, chart lines marked Pshy and ppay glve

of Ag for hydrsulic structures

and other structures respectively.

-

CHART CONSTANTS
3000 psi
3,160,000 psi
60 ksi
29,000,000 psi

LU N (B}

o
S

NOMINAL STRENGTHS

Design strength must equal or exceed
required strength. Thus nominal mo-
ment strength and nomipal direct force
strength are obtained by dividing re-
quired moment strength and required
direct Torce strength by the appro-
priate strength reduction factor, §.

Mp

NOMENCLATURE

My = pominal moment strength of

section, ft-kips

Mpg = equivalent nominal moment
strength, ft-kips

Ny = mominal direct force
strength, kips

da = effective depth, inthes

" =d-tfe

t = total depth of section,
inches

A = equivalent tensile steel
area, sq. in.

Ag = tensile steel area, sq. im.

Py = temperature and shrinkege

steel ratio
= minimum steel ratio for
flexural members except alabs
Pghy = meximum steel ratio for ser-
vice hydraulic structures,

for singly reinforced sections

under flexure without direct
force
Ppax = maximum steel ratio for other

than hydraulic structures, for

singly reinforced sections
under flexure without direct
force

straln conditions for singly

relnforced sections under

flexure without direct force
[Iﬁ = strength reduction factor

By = steel ratio producing balanced

CONDITIONS FOH WHICH CHART APPLIES
Sections having mameant only:
Ag = A
Sections having moment and compressive
direct force:

Mpg =My 5

au Ny
Mns=Mn+"nE H AG=A—XT

Solution does not apply if Ag < O.

Sectjons having woment and tensile
direct force:

an Ny
Mpa =M¥p = Ny 35 As=A+r‘y
Chart does pot apply for Mg < O.

LIMITATIONS

For hydraulic structures:

Solution applies for all A mot
exceeding A correspopding to
pehy for the given d.

Solution eppjies for A greater
than A corresponding to Pshys
-1N' Apshy, for the given 4 if

N, & fy(A— Apsw)

For other thau hydraulic structures:
Solution applies for all A mot
exceeding A corresponding te
Puax Tor the given d.
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STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN, STRENGTH DESIGN
BENDING ONLY OR BENDING COMBINED WITH DIRECT FORCE - 4000 bsi
SINGLY REINFORCED SECTIONS, 12 INCH WIDTH ¢ P

fy =60 ksi

Equivalent steel area, A, square inches
03 0.4 _0.5 0.6 07 08 09 10 ) ) 2 3 4 5 6 ) 7
=\\\‘\f\ AN NN A Y A3

\\\

i
A

7

CHART CONSTANTS

£} = booo pei

E. = 3,640,000 psi
i'y = 60 ksi

B, = 29,000,000 psi
o =8.0

NOMINAL STRENGTHS

Deslgn strength must equal or exceed
required strength. Thus nominal mwo-
ment strength and nominal direct Fforce

strength are obtained by dividing re-
quired moment strength and required
direct torce strength by the appro-
priate strength reduction factor, #.
» t
-d:.) >
2 a
;— Lo'¥e My
£ b-12
210 NOMENCLATURE
° M, = nominal moment strength of CONDITIONS FOR WHICH CHART APPLIES
[ o
> section, It-kips Sections having moment only:
= Mpg = equlvalent nominal moment
g 8 strength, {t-kips Mpg =Mp 5 Ay =4
= _ N
] Yoo o= nunfuml direct force Sections having moment and compressive
strength, kips direct force:
d = effective depth, inches T Ny
7 " =a-tf2 Mug =Mg + Ny 35 5 85 = A5
t = total depth of scction,
inches Solution does not apply if Ag < O.
A = cquivalent tensile steel Sectlons having moment and tensile
6 ares, sq. in. direct force:
Ag = tensile steel area, sq. in. ar Ny
Py = temperature and shrinkage Mg = Mp = Np 5 5 As = A+ %
steel ratio
Chart does not apply f a.
5 Pyp = minimum steel ratio for a B PRLY for Mpg <
flexural members except slabs
STEET, RATIOS Pshy = maxiwum steel ratio for ser- LIMITATIONS
= vice hydraulic structures, For hydraulic structures:
When using steel ratio curves, for eingly reinforced sections Solutionjapplies for all A not
4 uentally redesignate A as Ag, thus ‘;ﬂd" Tlexure without direct exceeding A corresponding to
orce
R . 7_“5__5 Ppax = meXimum steel ratlo for other sorey for ﬂlli glven d.
b T Tu{av2s then hydraulic structures, for P :gfre:; igz n: gezt"
hy >
Chart 14 arked and {ve mi singly reinforced sections sny:
art ines marked oy and pyy give minimun under flexure without direct 88Y Apgyys Tor the given d if
velues of Ay for slabs and beams respectively. force N, 2 £y (A~ A )
- n
For moment or wmoment and compressive direct fp = steel ratio producing balanced ¥ Pehy
3 force, chart lines marked Pshy 418 Ppgy give strain conditions for singly For other than hydraulic structures:
maximum values of Agrfor hydraulle structures reloforeed sections under Solution applies for all A mot
and other structures respectively. Tlexure without direct force exceeding A corresponding to
¢ = strength reduction factor Ppax for the given 4.
REFERENCE : U.S. DEPARTMENT OF AGRICULTURE | STANDARDOWG.NO.
ES-222
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STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN, STRENGTH DESIGN
BENDING ONLY OR BENDING COMBINED WITH DIRECT FORCE
SINGLY REINFORCED SECTIONS, 12 INCH WIDTH

fy =60 ksi
1¢ = 5000 psi

0.6

Equivalent steel area, A, square inches
07 08 09 10 2

A RAR

29,000,000 poi
7.1

NOMINAL STRENGTHS

Design strength must equal or exceed
required strepgth. Thus nominal mo-

meat strength and vominal direct force
strength are obtained by dividing re.
quired moment sbrength and requirved
direct force strength by the appro-

" rriate strength reduction factor, @,
[}
<
3]
£
k-]
=
£
iy oG
o° B2 15'1
@ © NOMENCLATURE
£ = nomine) moment strength of CONDITIONS FOR WILLCH CYART APFLIES
section, rt-kips N i
= 8 - equivalent nominal moment Sections having moment only:
w strength, tt-kips Mos =My 5 Ag = A
5 = :‘t’;"i:th‘“if;: force Sections heving moment and compressive
sngth, :
= effective aspth, inches dizect force: a Ny
=d-t/2 Mug =My + Ny 75 5 A - A-F
= total depth of section, .
6 inches Solution does not spply if As < 0.
= equivalent tensile stecl Sections having moment and temsile
arca, sq. in. direct force:
= tensile steel wres, sg. in. o Ny
= temperature and shriukage Mos =My =W 95 5 Ag =4+ T,
5 oteel ratio Chart does not apply for Myg < O.
Ppy = minimum steel yutio for do8s nOt spply for Mas
Tlexural members except slabs
STEEL RATIOS Pshy = mllem;un steel rztio ‘for ser- LIMITATIONS
. vice hydranlie structures, For hydreulic structures:
Wicn using steel ratio curves, for singly reinforced sections tolutipn applies for a1l A mot
4 mentally redesignate A as A, thus :sg" flexure withoul direct excelding A corresponding to
ce '
Pshy for the given d.
! pade g Py = k38 ‘(—Aa,,—y Puax = vAximum steel ratio for other Sulvlz:{un &; ]Lef for A greater
i bd bt T ob{d + 2.5 than hydraullc structures, for than 4 cgfresiomling g Peny
b i 4 . shys
‘; Chart lines marked o, and py, &ilve nizimm L:g}}’ ri:iu“fr:‘::‘éh:::‘;‘l’:; N omy Ay, for the given 4 it
i velues of A; for slabs and besms respectively. Yores . : flh- A )
- N . o Y
L For moment or moment and compressive direct Pr = steel ratio woducing balanced Pohy
3 force, chart lines marked pgpy and ppex give vtrain conditions for slogly  For other than hydraulic structures:
maximua values of A for hydraulic structures reinforced sections under Solutlon applies for all A not
und other structures respectively. Tlexure vithaut diveet foree exceeding A corresponding to
- p = stremgth reduction factor Puax for the given .
TANDARD DWG. NO.
REFERENCE U.S. DEPARTMENT OF AGRICULTURE s
£S-222
E TT VICE
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STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN, STRENGTH DESIGN
BENDING ONLY OR BENDING COMBINED WITH DIRECT FORCE

SINGLY REINFORCED SECTIONS, 12 INCH WIDTH

fy =60 ksi
1¢= 6000 psi

NN

Equivalent steel area, A, square inches
07 08 09 1.0

2

OIANREEIN

ANASAN

\

CHART CONSTANTS

£1 = 6000 pei
E. = 4,460,000 pei
£y = 60 kst

E, = 29,000,000 psi
n =6.5

NOMINAL STRENGTHS

Design strength must equal or exceed
required strength. 'Thus nominal mo-

Effective depth, d, inches

) _ - Pshy = maximum steel ratlo for ser- LIMITATIONS
Nt , 0 STREL RATIOS vice hydraullc structures, For ny
.4 ‘s When using steel ratio curves, for singly relnforced sections
mentally redesignate A a5 Ag, thus under flexure without direct
foree
As Ay A Pmax = maximum stecl ratio for other
T N R (X)) P than hydraulic structures, for
Chart lines merked p, acd tve minimun singly reinforced sections
values of A f‘on:rslab:tand b:g:sgres ctivel ypder flexure without direct
s P ¥y force By % 1y(A - A
For moment or moment and compressive direct By = steel ratio produclng balanced
force, chart lines marked pgyy and ppay glve
maxisun values of Ag for hydraulic structures reinforced sections under
and other structures respectively. Tlexure without direct force
P = strength reduction factor

Pom

ment strength and nominel direct force
strength are obtained by dividing re-
quired moment strength and required
direct force strength by the appro—
priste strength reduction factor, §.

CONDITIONS FOR WHXCH CHART APPLIES

= nomizal moment strength of
section, Tt-kips

= rquivalent nominal moment
strength, ft-kips Mus =Mp 5 Ag= A

= nominal direct force
strength, kips

Sections having moment only:

Sections having woment and compressive
direct force:

= effective depth, inches an Ny
=d - tf2 Mos =Mp + Ny 5 5 Ag= A~
= lotal depth of section, .

Luches Solution does not apuly If Ag < O.

= cquivalent tensile steel Sections having moment and tensile
ares, sq. io. direct force:

N N,

ar B
Mo =My = Ny 35 5 A=Az
Chart does not apply for Mpyg < O.

= tensile steel area, sg. in.

= temperalure and shrinkage
ateel ratio

= minimum steel ratio for
flexural members except slabs

aulic structures:

SoluBlon applies for all A not
exceeding A corresponding to
Peny for the given d.

Solution applies for A greater
than A corresponding to Pshys
say Apgy s for the given 4 1f

Pty

strain conditions for singly For other than hydraulic structures:

Solution applies for all A not
exceeding A corresponding to
Pmay tor the given g.
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STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN, STRENGTH DESIGN

BENDING ONLY OR BENDING COMBINED WITH DIRECT FORCE
DOUBLY REINFORCED SECTIONS, 12 INCH WIDTH

f¢= 2500 psi

1400 fydoksi

1000 :

1400

fy=50 _ksi:

| ty60ksi

1000
900 i 900 i
800 : 800
700 - ] 700 -
" 28 :
; » i
600 @ 600 -
; % v
: [
£ g
: 249 ff CHART CONSTANTS
500 : S 500 £l = 2500 psi
- E. = 2,880,000 psi
» E‘: Eg = 29,000,000 psi
=3 D = 10.1
- ;
« 400 - 400 -
S : NOMINAL STRENGTHS
~ v Design strength must equal or exceed required
& 0 strength. Thus nominal moment strength and
[ =4 nominal direct force strength are obtained by
= dividing required moment etréngth and required
direct force strength by the appropriate
300 °S 300 strength reduction factor,
LIMITATIONS
For hydraulic structurea:
Solution applies for all A for
the given d it
P Yo 2 ry(Aﬁnax - ADshy)
200 200 For other then hydraulic structuree: CONDITIONS FOR WHICH CHART APPLIES
i ) Solution applies for all A for
i : the given 4. Sections heving moment only:
2 ! NOMENCLATURE Mng =My 5 Ag = 4
Y Sections havii t and 1
o ng moment and compressive
‘\Q t = total depth of section, aahy = maximum steel ratic for ser- direct force:
S 1inches vice hydraulic structures, A, _ M
150 ° ‘g\ A = equivalent tensile stesl for singly reinforced sections Mog = Mg + Ny 13 Ae =4 Ty
2 area, 8g. in. under flexure without direct .
\ ,,Q\) A, = tensile steel area, sq. in. force Solution does ot bpply 1r Ay <O.
A 1 . A, = compressive steel area, Opey = maximum ateel ratio for other Sections having moment and tensile
O sq. in. than hydreulic structures, for direct force:
= nominal moment strength = A corresponding ta p aingly reinforced sections _ a' Np
shy Mpg = M N, Ag = A+
of section, ft-kips 8hy  for the given d {foul under flexure without direct s ="~ T 130 I,
= equivalent nominel mo- on chart for singly re- force .
s ment strength, Tt-kips inforced sectiona) By = steel ratio produclng balanced Chart does mot apply for Mpg < 0.
110 N, = nominal direct force A, = A corresponding to pygy atrain conditions for singly Chart is drawn for a constemt steel area.
strength, kips TAX  for the given d (found reinforced sectione under difference of
0 d = effective depth, inches on chartefor singly re- flexure without direct force A-a oLz
¢ =a-tfe inforced sections) $ = strength reduction factor A =5 P
REFERENCE STANDARD DWG. NO.
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STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN, STRENGTH DESIGN
BENDING ONLY OR BENDING COMBINED WITH DIRECT FORCE
DOUBLY REINFORCED SECTIONS, 12 INCH WIDTH

fi
1500 ;

fyzSoksi

1500

'fy - 60 ksi’

]
. e(\e CHART CONSTANIS

Mg, foot-kips

iy = nominel moment strength
of section, Tt-kips
¥ns

= equivelent zomipal mo-
ment streogth, ft-kips
Ny = nominal direct force
strength, kips
d = effective depth, inches
" =ad-tfe

NOMENCLATURE

t = total depth of section,
inches
A = equivalent tensile steel
area, sg. in. -
Ag = temsile steel area,
Al = compressive steel ares,
sq. in.
= A corresponding to p
A"sh.v for the given d (fousd”
on chart for singly re-
inforced sections)
Ap = A corresponding to ppgy
TEX  for the given 4 (found
on chart for singly re-
inforced sgctlons)

sq. in.

500

450

LIMITATIONS a

For hydraulit structures:
Solution appilies for all A for
the given d if

Ny ry(Apmx - Al’shy)

For other thas hydraulic structures:
Solution epplies for all A for
the given d.

Pshy = meximum steel ratio for ser-
vice hydraulic structures,

for aingly reinforced sections

under flexure without direct

force

maximun steel ratio for other

than hydrsulic structures, for

singly reinforced sections

under flexure without direct
force

B, = steel retio producing balanced
strain conditions for singly
reinforced sections under
flexurs without direct force

$ = strength reduction factor

"

Pmax

= 3000 psi

E. = 3,160,000 psi
Eg = 29,000,000 psi
n =9.2

NOMINAL STRENGTHS

Design strength must equal or exceed reguired
strength. Thus nominsal moment strength and
nominal direct force strengih are obtained by
dividing required moment strength and required
direct force strength by the appropriate
strength reduction factor,

CONDITIONS FOR WHICH CHART APPLIES

Sections heving moment only:
Mps =My 5 Ag = A
Sections having moment and compressive
direct force:
a Np
Mpg =My + Ny 755 AS=A—f—y
Solution does mot apply if A < O.

Sectione having moment and temsile
direct force:

R L LY
Myg =My~ ¥y 355 As=A+§
Chert does not apply for Myg < O.

Chart is drawn for a constant steel ares.
difference of

1
A= Ag =5 Pyhad
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STRUCTURAL DESIGN: REINFORCED
BENDING ONLY OR BENDING

DOUBLY R

CONCRETE DESIGN, STRENGTH DESIGN
COMBINED WITH DIRECT FORCE

o= 4000 psi

1900 ; : i

i f, <40ksi ¢ |

EINFORCED

42

28
26 g
£L
]
£
24 L
h-
22

n
(=]

Mop

Ny

d
an

1900

SECTIONS, 12 INCH WIDTH

£, 250ksi | o fy =60 ksi :

g 8

Mg, foot-kips

‘ <
1 G,Q“a
ke

500

strength.

&

LIMITATIONS a
For hydraulic structures:

Solution applies for all A for
the given 4 1if

T2 fp(ay Apshy)

For other than hydraulic structures:
Solution applies for all A for
the given 4.

b =12

NOMENCLATURE

S
z“\o“e CHART CONSTANTS

T, = 4000 psi
E. = 3,600,000 psi
E, = 29,000,000 psi

a =8.0

NOMINAL STRENGTHS

Design strength must equal or exceed regquired

Thus nominal moment strength end

pominal direct force strength are obtained by
dividing required moment strength and required
direct force strength by the appropriate
strength reduction factor,

CONDITIONS FOR WHICH CHART APELIES
Sections having moment only:

Mpg =M s A =4

Sections having moment and compressive

t = totel depth of section, pshy = maximun steel ratio for ser- direct force:
{nches vice hydraulic structures, M M an Ao ¥y
A = cquivalent tensile steel for singly reinforced sections ns =M+ Npj5 5 A =a-g
q ) . Y
area, Bg. in. under flexure without direct .
Ay = tensile steel ares, sq. in. Torce Solution does nod apply it As < 0.
A} = campressive steel avea, Ppay = maximum steel ratio for other Sections having moment and tensile
sq. in. than hydraulic structures, for direct force:
= nomina} moment strength = A corresponding to p Bingly reinforced sections _ g _ Ny
of section, ft-kips A"Bhy for the given d (fousd” under flexure without direct Mpg =My My iz Ag = A+ E
= equivalent nominal mo- on chart for singly re- force N
ment strength, ft-kips inforced sectious) B, = steel ratio producing balencea Chast does ot apply for My, < 0.
= nominal direct force A = A corresponding to ppay. strain conditions for singly Chart is drawn for a constant steel area
strength, kips MAX  for the given d (found re{nforced sections under difference of
= effective depth, inches on chart for singly re- flexure without direct force A~ =iz ba
=d-t/2 inforce® sections) P = streagth reduction factor s =3 Pp
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STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN, STRENGTH DESIGN
BENDING ONLY OR BENDING COMBINED WITH DIRECT FORCE

Mps. foot-kips

fé= 5000 psi
DOUBLY REINFORCED SECT IONS, 12 INCH WIDTH

2200, Lo e aw | tyesoksi | P | yeeoks

2000 : 40 2000 - o i o 2000 S

600 ;>

T Ay

—

500 o

Mqs. foot-kips

CHART CONSTANTS

£ = 5000 psi

E; = 4,070,000 pai
By = 29,000,000 psi
a =71

NOMINAL STRENGTHS

Design strength must equal or exceed required
strength. Thus nominal moment gtrength and
pominal direct force strength are obtained by
dividing required moment strength and required
direct force strength by the appropriate
strength reduction factor, §

LIMITATIONS
¥or hydraullc structures:

Solution applies for all A for
350 ¢ the given @ if
[s] By # f)'(Apmmc - A“shy)

For other then hydraulic structures:

Solution applies for all A for

the given d.
NOMENCLATURE
t = total depth of section, Pony = maximum steel ratio for ser-
1inches vice hydreulic etructures,
A = equivalent tensile steel for singly reinforced sectione
ares, 5g. in. under flexure without direct
A, = tensile steel aree, sq. in. force
Al = compressive steel ares, Pmax = maximum steel ratio for other
aq. la. than hydraulic structures, for
M; = nominal moment strength Ap = A corresponding to Py singly reinforced sections
of section, ft-kips Sy  for the given d {fould” under flexure without direct
My = equivalent nominal mo- on chart for singly re-  _ torce
ment strength, ft-kips inforced sections) Ay = steel ratfo producing balaanced
¥; = nominal direct force Apax S A COTTEBPONAINg to ppgy strein conditions for singly
strength, kips %X for the given d {found reinforced sections under
d = effective depth, inches on chart for singly re- flexure without direct force
T =d-tf2 1inforcedwwections) # = strength reduction factor

b =12

CONDITIONS FOR WHICH CHART APPLIES
Sections having moment only:
Mpg =My i Ag = A
Sections having moment and compressive
direct force:
£,

an
s =My + Ny 355 Ay y
Solution does notRapply i1t 4, < 0.

Sections having moment and tensile
direct force:
=4a+32

a
Mag =My~ Np T35 Ay T,
Chart does not apply for Mpg < 0.

Chart is dresm for a constant steel area.
difference of

R

K,
-a-2
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STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN, STRENGTH DESIGN

BENDING ONLY OR BENDING COMBINED WITH DIRECT FORCE

DOUBLY REIN

FORCED SECTIONS, 12 INCH WIDTH

2400 - ;- f"_":'fy=40ksi'5 - 42 2400 -fy-SOksi—"
HI I : 19 ; )
2000 i 38 2000
R L <N}
1500 52 izt 1500 i,
\ L 32 " : P : H
>< FT : = ; : ;
e U S hol - : ?
e~ P el 28 @« :
PR B il R = & :
1000 =~ 26 » 1000 D~ 2
IR < 0 D i BN AR Lk el o o5
O it I 5 P e e e o G .“c\\ CHART CONSTANTS
900 pee= = g e € 900 KT DTN e Tt 8@ o 000 et
N B IR > L et 2477 - R e B 5oV c »
a i T G B °© TN o E, = 4,460,000 psi
s 800 e el A ; - e =2 =i - Eg = 29,000,000 psi
:E /\>( A > ( )& ‘ b [ 8
g ST SR e T a2 gt oy 2 =65
< 700 T " \{ LT N T
c T ’>< SR > T e NOMLNAL STRENGTHS
= )‘ T o LT N Design strength must equal or exceed required
600 &= —: B Sl : - " * strength. Thus nominal moment strength and
< SR e NG wominel direct force stremgth are obtained by
b LT i . il dividing required moment strength and required
oSl i ; : direct force strength by the appropriate
A >< B L SN strength reduction factor,
500 : - ‘ ;
N > ©® oo
> //‘e\“cx\ T
i /‘ sq“a LIMITATIONS al=
L For hydraulic structures: Ag
400 Solution applies for all A for .
) % o the given d if
2 NP P> L LC S -
T /\ ' 14 For other then hydraulic structures: CONDITIONS FOR WHICH CHART APPLIES
: Solution applies for all A for
S/ the given d. Sections having moment only:
; NOMENCLATURE Mpg =My 5 Ag=A
f ol 2 Sections having moment and compresaive
. : es t = totel depth of section, °shy = paximum steel ratio for ser- direct force:
: -\“c\\ 1nches B vice hydraulic structures, R U il
B 1 “a(e A = equivalent tensile steel for singly reinforced sections Mps = Mp + Ny 12” A = 1y
' area, sq. in. under flexure without direct 3
Nﬁq A, = temeile stecl ares, sq. in. force Solution does not apply if A5 < 0.
230 Al = compressive steel area, Prax = baximum steel ratio for other Sections having moment end tensile
sg. im. than hydrasulic structures, for direct force:
0 = nominel moment strength = A corresponding to p elngly reinforced sections . ~ av . &
o of section, ft-kips ADSIRY for the given d (fousd under flexure without direct Mg = Mo =Ny 755 Ag = A+ i,
= eguivalent nominal mo- on chart for singly re- force :
Yas aont strength, ft-kips 1nforced sections) B, = steel ratio producing balanced Chart does not apply for Mg < 0.
¥, = rominal direct force LS = A carresponding to pp,. strailn conditions for singly Chart is drawn for a constant steel area.
strength, kips BEX for the given d (found reinforced sections under difference of
d = effective depth, inches on cher® for singly re- Ylexure without direct force A-a =Xz
@ =a-t/2 inforced sections) # = strength reduction factor s =2 Py
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STRUCTURAL DESIGN: Reinforced Concrete Design
Strength Design
Development of Reinforcement, Basic Development Lengths

Basic Development Length, Iy, inches
Grade Class Bar Size
of Description of
Steel Concrete | #3 #h #5 #6 #7 #8 49  #10 H#11
6000 9.0% 12.0 15.0 18.0 21.0 24.5 31.0 39.3 L48.3
Bars 5000 9.0% 12.0 15.0 18.0 21.0 26.8 33.9 L43.1 52.9
in 4000 9.0% 12.0 15.0 18.0 22.8 30.0 37.9 u48.2 59.2
Tension 3000 |9.0% 12.0 15.0 19.3 26.3 34.6 L43.8 55.6 68.4
2500 9.0% 12.0 15.0 21.1 28.8 37.9 8.0 61.0 T74.9
60
6000 |6.8" 9.0 11.3 13,5 15.8 18.0 20.3 22.5 24.8
Bers 5000 | 6.8% .0 11.3 13,5 15.8 18.0 20.3 22.5 24.8
in 4000 7.1% 9.5 11.9 14k.2 16.6 19.0 21.3 23.7 26.1
Compression | 3050 8.2 11.0 13.7 16.4 19.2 21.9 24.6 27.% 30.1
2500 9.0 12.0 15.0 18.0 21.0 24.0 27.0 30.0 33.0
6000 7.5% 10.0% 12.5 15.0 17.5 20.4 25.8 3*2.8 40.3
Bars 5000 7.5% 10.0%¥ 12.5 15.0 17.5 22.3 28.3 35.9 Uuh.1
in 4000 7.5% 10.0% 12.5 15.0 19.0 25.0 31.6 L40.2 L9.3
Tension 3000 7.5% 10.0% 12.5 16.1 21.9 28.8 36.5 46.4h 57.0
2500 7.5% 10.0% 12.5 17.6 24.0 31.6 L40.0 50.8 62.4
0
2 6000 |5.6% 7.5% 9.4 11.3 13.1 15.0 16.9 18.8 20.6
Bars 5000 |5.6% 7.57 9.4 11.3 13.1 15.0 16.9 18.8 20.6
in 1000 5.9 7.9" 9.9 11.9 13.8 15.8 17.8 19.8 21.7
Compression | =000 |g.8% 9.1 11.4  13.7 16.0 18.3 20.5 22.8 25.1
2500 [7.57 10.0 12.5 15.0 17.5 20.0 22.5 25.0 27.5
6000 6.0%  8.0% 10.0% 12.0 14.0 16.3 20.7 26.2 32.2
Bars 5000 6.0%  8.0% 10.0% 12.0 14.0 17.9 22.6 28.7 35.3
in 4000 6.0%  8.0% 10.0% 12.0 15.2 20.0 25.3 32.1 39.5
Tension 3000 | 6.0%  8,0% 10.0% 12.9 17.5 23.1 29.2 37.1 45.6
2500 6.0%  8.0% 10.0% 1k.1 19.2 25.3 32.0 40.6 L49.9
Lo
6000 b5 .07 7.5% 9.0 10.5 12.0 13.5 15.0 16.5
Bars 5000 |4.5% 6.0t 7.5t 9.0 10.5 12.0 13.5 15.0 16.5
in 4000 b7t 631 7.9t .5 11.1 12.6 14.2 15.8 17.4
Compression | 5000 |s5.5+ 7.3 9.1 11.0 12.8 1h.6 16.4 18.3 20.1
2500 6.0t 8.0 10.0 12.0 14.0 16.0 18.0 20.0 22.0
*Pension development length, £ as shall not be less than 12 inches except in compu-
tations of either lap splice lengths or development of web reinforcement lengths.
+Compression develomment lengths, £4, shall not be less than 8 inches.
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STRUCTURAL DESIGN: Reinforced Concrete Design
Strength Design
Development of Reinforcement, Standard Hooks in Tension
Equivalent Embedment Length, Io, inches
Grade Class Bar Size
of Description of
Steel Concrete | #2  #  #5  #6 #7 #8  #  H10 #11
6000 6.5 8.4 10.5 10.5 10.5*% 11.4 1L4.}4 18.3 22.5
Cension 5000 5.7 7.6 9.5 9.5 9.5% 11.4 14.4 18.3 22.5
Top 4000 5.1 6.8 8.5 8.5 8.6 1l.kL 1L4.h 18.3 22.5
Bars 3000 [Lk.5 5.9 7.4 7.9 8.6 1l.h 1k.h 18.3 22.5
2500 b1 5% 6.8 7.9 8.6 11.k 144 18.3 22.5
60
6000 6.3 8.4 10.5 12.5 1k.6 17.1 21.6 244 26.2
Other 5000 5.7 7.6 9.5 11.5 13.4 17.1 21.6 2L.k 26.2
Tension %000 5.1 6.8 8.5 10.2 13.0 17.1 21.6 24k 26.2
Bars 3000 [4.5 5.9 7.4 9.5 13.0 17.1 21.6 2k.h 26.2
2500 h,1 5.4 6.8 .5 13.0  17.1 21.6 24.4 26.2
6000 5.2 7.0 8.7 9.4 9.8 11.4 14.4 18.3 22.5
Pension 5000 4.8 6.4 8.0 8.6 8.9 1l.k 1h.hk 18.3 22.5
Top 4000 L% 6.1 7.1 7.7 8.6 1L.k 1k.h 18.3 22.5
Bars 3000 |%.7 4.0 6.2 7.1 8.6 11.h 1k.k 18.3 22.5
2500 3.4 4.5 5.6 7.1 8.6 1l.h 14k 18.3 22.5
50
6000 5.2 7.0 8.7 10.5 12.2 14k.2 18.0 21.3 24L.3
other 5000 4.8 6.4 8.0 9.5 11.1 1h4.2 18.0 21.3 24,3
Tension Looo 4.3 5.7 7.1 8.5 10.8 14.2 18.0 21.3 24.3
Bars 3000 | 3.7 L.9 6.2 7.9 10.8 1k.2 18.0 21.3 2L.3
2500 3.4 4.5 5.6 7.9 10.8 14k.2 18.0 21.3 24.3
6000 k2 5.6 7.0 8.4 9.8 1l.k 1.k 18.3 22.5
A1 5000 38 5.1 6.4 7.6 8.9 1l.4 14.4 18.3 22.5
40 Tension 4000 3.4 k6 5.7 6.8 8.6 11.k 1k.h 18.3 22.5
3000 3.0 3.9 4.9 6.3 8.6 1i.b 14k.k 18.3 22.5
2500 2.7 3.6 4.5 6.3 8.6 1l.h 14.4 18.3 22.5
*For consistency, the value modified slightly from compﬁted.
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STRUCTURAL DESIGN: Reinforced Concrete Design
Strength Design

Development of Reinforcement, Standard Hooks in Tension

Developed Tensile Stress, fy = { Nfl/1000 ksi
Grade Class Bar Size
of Description of
Steel Concrete | #3 #u #5 #6 #7 #8 #  d0 #11
6000 41.8 41.8 41.8 3k.9 27.9 27.9 27.9 27.9 27.9
Tension 5000 38.2 38.2 38.2 31.8 25.5 25.5 25.5 25.5 25.5
Top 4000 3h.2 3hk.2 34,2 28.5 22.8 22.8 22.8 22.8 22.8
Bars 3000 29.7 29.7 29.7 24.6 19.7 19.7 19.7 19.7 19.7
2500 27.0 27.0 27.0 22.5 18.0 18.0 18.0 18.0 18.0
60
6000 41.8 41.8 k1.8 41.8 41.8 41.8 141.8 37.2 32.5
Other 5000 38.2 38.2 38.2 38.2 38.2 38.2 38.2 33.9 29.7
Tension 4000 3h.2 34.2 342 3.2 2.2 .2 .2 30.4 26.6
Bars 3000 29.7 29.7 29.7 29.7 29.7 29.7 29.7 26.3 23.0
2500 27.0 27.0 27.0 27.0 27.0 27.0 27.0 2.0 21.0
6000 34.9 34.9 34.9 3l.4 27.9 27.9 27.9 27.9 27.9 |
Tension 5000 31.8 21.8 31.8 28.6 25.5 25.5 25.5 25.5 25.5
Top 4000 28.5 28.5 28.5 25.6 22.8 22.8 22.8 22.8 22.8
Bars 3000 | 2k.6 24.6 2.6 22.2 19.7 19.7 19.7 19.7 19.7
2500 22.5 22.5 22.5 20,3 18.0 18.0 18.0 18.0 18.0
50
6000 34.9 2h.9 34.9 34.9 34.9 34,9 3.9 2.5 0.2
Other 5000 1.8 21.8 31.8 31.8 3%1.8 31.8 31.8 29.7 27.6
Tension 4000 28.5 28.5 28.5 28.5 28.5 28.5 28.5 26.6 2kL.7
Bars 3000 | 2k.6 24.6 2h.6 24.6 2h.6 24.6 24.6 235.0 21.4
2500 22.5 22.5 22.5 22.5 22.5 22.5 22.5 21.0 19.5
6000 27.9 27.9 27.9 27.9 27.9 27.9 27.9 27.9 27.9
a1 5000 25.5 25.5 25.5 25.5 25.5 25.5 25.5 25.5 25.5
40 Tension 4000 22.8 22.8 22.8 22.8 22.8 22.8 22.8 22.8 22.8
B
ars 3000 [ 19.7 19.7 19.7 19.7 19.7 19.7 19.7 19.7 19.7
2500 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0
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STRUCTURAL DESIGN: Reinforced Concrete Design
Strength Design
Development of Reinforcement, Standard Hooks in Tension
Stress Coefficient for Tensile Stress, { values in f} = Q"JEZ
Grade Class Bar Size
of Description of
Steel Concrete | #3 #4 #5 #6 #7 #8 #o #10 #1
6000
Tension 5000
Top 4000 540 540 540 450 360 360 360 360 360
Bars 3000
2500
60
6000
Other 5000
Tension 4000 540 540 540 540 540 540 540 L8O 420
Bars 3000
2500
6000
Tension 5000
Top 4000 450 450 450 405 360 360 360 360 360
Bars 3000
2500
50
6000
Other 5000
Tension 4000 450 450 450 L450 450 450 U450 420 390
Bars 3000
2500
6000
Al 5000 |
40 Tension 4000 360 360 360 360 360 360 360 360 360
Bars 3000
2500
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STRUCTURAL DESIGN: Reinforced Concrete Design
Strength Design

Development of Reinforcement, Web Reinforcement

Pertinent Embedment Lengths for Web Reinforcement, inches
Grade Class Bar Size Bar Size
of of Description Description
Steel | Concrete #3 # #5 #6 #7 #3 # #5 H#6 #7
6000 16 21 26 31 36 5 6 8 9 11
5000 16 21 26 31 36 5 6 8 9 11
4000 1.7 44 16 21 26 31 36 % iy - 5 6 8 11
3000 16 21 26 33 Ls 5 6 8 10 1k
2500 16 21 26 3 49 5 6 8 11 15
60
6000 12 12 15 18 21 3 4 5 - -
5000 12 12 15 18 21 5 b 5 -~ -
larger of 1 _ _
4000 15 2h a, 12 12 15 18 =21 3 L3 32 4 5
3000 or 12 12 12 15 20 27 3 4 5 - -
2500 12 12 15 22 29 3 4 5 - -
6000 13 17 22 26 30 Ly 5 7 8 9
5000 13 17 22 26 30 L 5 7 8 9
1000 .72 |13 17 22 26 33 %1(1 L 5 7 8 10
3000 13 17 22 28 38 ¥y 5 7 9 11
2500 13 17 22 30 41 Ly 5 7 9 12
50
6000 12 12 15 18 21 3 4 5 - -
5000 larger of 12 12 15 18 21 § 3 4 5 - -
Looo Lq, 24 @, |12 12 15 18 21 3 iy 3 4L 5 - =
3000 or 12 12 12 15 18 22 3 4 5 - =
2500 2 12 15 18 24 3 4 5 - -
6000 12 1% 17 21 24 3 4 5 6 7
5000 12 1k 17 21 24 3 4 5 6 7
%000 1.7 43 12 14 17 21 26 % 1 3 4 5 & 8
3000 12 14 17 22 30 3 4L 5 7 9
. 2500 12 14 17 24 33 3 4 5 8 10
Lo
6000 12 12 15 18 21 2 3 4 - -
5000 larger of 12 12 15 18 21 L 2 3 4 - =
Looo Ly, B4 gy, |12 12 15 18 21 3 g 2 3 b - -
3000 | °F +° 12 12 15 18 21 2 3 4 - -
2500 12 12 15 18 21 2 3 L4 - -
Note: 14 is taken as I, from ES-224
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STRUCTURAL DESIGN: Reinforced Concrete Design
Strength Design
Lap Splices in Reinforcement
Lapped Splice Lengths, inches
Grade Class Class : Bar Size
of Description of of
Steel Concrete |Splice |#3 #4+ #5 #6 #7 #8 #9 #10 #1
A 13 17 21 26 30 35 Lk 56 68
6000 B 17 22 28 33 39 W6 57 T2 88
c 22 29 36 43 50 59 4 9% 115
A 13 17 21 26 30 38 48 6L 75
5000 B 17 22 28 35 39 49 62 79 97
c 22 29 36 43 50 64 81 103 126
Tension A 13 17 21 26 32 42 sk 68 83
Top 4000 B 17 22 28 33 L2 55 69 88 108
Bars C 22 29 36 L3 55 T2 91 115 14l
A 15 17 21 28 37 49 62 718 96
3000 B 17 22 28 3% 48 63 80 102 125
C 22 29 36, k6 63 83 104 133 163
A 13 17 21 30 41 sh 68 86 105
2500 B 17 22 28 39 53 69 83 111 137
C 22 29 36 51 69 91 115 146 179
A 12 15 19 23 27 30 34 Lo kg
60 6000 B 16 16 20 24 28 22 41 52 63
c 21 21 26 3L 36 k2 53 67 83
A 12 15 19 23 27 30 34 Lk 53
5000 B 16 16 20 24 28 35 45 57 69
c 21 21 26 31 36 46 58 7 90
Oﬁiir A 12 15 19 23 27 30 38 49 60
Tension 4000 B 16 16 20 24 30 39 50 63 77
B c 21 21 26 3L 39 5L 65 82 101
ars
A 12 15 19 23 27 35 Ly 56 69
3000 B 16 16 20 26 3 45 57T 73 89
C 21 21 26 33 45 59 75 95 117
A 12 15 19 23 29 %8 48 61 75
2500 B 16 16 20 28 38 50 63 80 98
o 21 21 26 36 49 65 82 104 128
6000 12 15 19 23 27 30 34 38 ke
Al 5000 12 15 19 23 27 30 34 38 42
Compression 4000 12 15 19 23 27 30 34 38 L2
Bars 3000 12 15 19 23 27 30 3k 38 L2
2500 16 20 26 31 3 L0 4 51 56
Tension bars spaced laterally not less than 6 ihches on center, and bars
with at least 3 inches clear from face of member to first bar may use 0.8
lap lengths shown but not less than 12 inches.
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STRUCTURAL DESIGN: Reinforced Concrete Design
Strength Design

Lap Splices in Reinforcement

Lapped Splice Lengths, inches
Grade Class Class Bar Size
of Description of of
Steel Concrete | Splice | #3 #+ #5 #6 #7 # #9 #10 #11
A 12 15 19 23 27 30 37 46 57
6000 B 16 19 23 28 32 38 47 60 Tk
c 21 24 30 36 L2 L9 €2 79 96
A 12 15 19 23 27 3% Lo 51 62
5000 B 16 19 23 28 32 L1 52 66 81
C 21 24 30 3 L2 sk 68 86 105
Tension A 12 15 19 23 27 35 4 57 70
Top 4000 B 16 19 23 28 35 46 58 73 90
Bars c 21 24 30 3% 46 60 76 96 118
A 12 15 19 23 31 41 52 65 80
3000 B 16 19 23 30 Lo 53 &7 85 104
C 21 24 30 39 53 69 87 111 136
A 12 15 19 25 %5 45 56 72 88
2500 B 16 19 23 33 45 58 73 93 11k
o 21 2k 30 42 59 76 96 121 149
A 12 15 19 23 27 30 34 38 4o
50 6000 B 16 16 19 23 27 30 34 43 53
C 21 21 22 26 30 35 44 56 69
A 12 15 19 23 27 30 34 38 L5
5000 B 6 16 19 2% 27 30 37 47 =8
o 21 21 22 26 30 38 49 62 15
Oﬁiir A 12 15 19 23 27 30 %% L1 =0
Tension 4000 B 16 16 19 23 27 33 42 53 65
is - C 21 21 22 26 33 L3 sk 60 8k
ars

A 2 15 19 23 27 30 37 L7 57
3000 B 16 16 19 23 29 38 48 61 75
o 2l 21 22 28 38 49 63 79 97
A 12 15 19 23 27 32 40 51 63
2500 B 16 16 19 23 32 Lo 52 £7 82
C 21 21 22 30 L2 s4 68 87 107
6000 12 13 16 19 22 25 29 3R 35
ALl 5000 12 13 16 19 22 25 29 3 35
Compression 4000 12 13 16 19 22 25 29 32 35
Bars 3000 2 13 16 19 22 25 29 32 35
2500 16 18 22 26 30 3k 29 43 L7

Tension bars sgpaced laterally not less than & inches on center, and bars
with at least 5 inches clear from face of member to first bar may use 0.8
lap lengths shown but not less than 12 inches.

REFERENCE

U.S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

ENGINEERING DIVISION - DESIGN UNIT

STANDARD DWG. NO.
ES-227

SHEET 20F 3

DATE 12-79




STRUCTURAL DESIGN: Reinforced Concrete Design

Strength Design

Lap Splices in Reinforcement

Lapped Splice Lengths, inches
Grade Class Class Bar Size
of Description of of
Steel Concrete |Splice |#3 #4 #5 #6 #7 #8 #9 #0 41
A 12 15 19 23 27 30 34 38 U6
6000 B 16 16 19 23 27 30 38 48 59
C 21 21 24 29 34 39 50 63 77
A 12 15 19 23 27 30 34 41 50
5000 B 16 16 19 23 27 %3 Lk 53 65
c 21 21 2k 29 34 43 54 69 85
Tension A 12 15 19 23 27 30 36 45 56
Top 4000 B 16 16 19 23 28 37 k7 59 72
Bars c 21 21 24 29 37 48 6L 77T 95
A 12 15 19 23 27 33 L1 52 64
23000 B 16 16 19 24 %2 43 s4 68 83
21 21 2k 31 42 55 70 89 109
A 12 15 19 23 27 36 45 57 70
2500 B 16 16 19 26 35 k7 59 74 91
c 21 21 24 34 46 61 77 97 119
A 12 15 19 23 27 30 34 38 L2
40 6000 B 16 16 19 23 27 30 34 38 k42
o} 21 21 21 23 27 30 3 45 55
A 12 15 19 23 27 30 34 38 k2
5000 B 16 16 19 23 27 30 34 38 L6
C 21 21 21 2% 27 31 39 49 61
oﬁil A |12 15 19 235 27 %0 3 38 L
m or 1000 B 16 16 19 2% 27 30 34 4o =2
ension c 21 21 21 2% 27 34 4k 55 68
Bars

:\ 12 15 19 23 27 30 34 38 L6
3000 B 16 16 19 23 27 31 38 k49 60
c 21 21 21 23 30 40 50 é4 78
A 12 15 19 23 27 30 3k 41 50
2500 B 16 16 19 23 27 33 L2 53 65
c 21 21 21 2k 33 44 55 70 85
6000 12 12 15 18 21 24k 27 30 33
Al 5000 12 12 15 18 21 24 27 30 33
Compression 4000 12 12 15 18 21 24 27 30 33
Bars 3000 12 12 15 18 21 24 27 30 33
2500 16 16 20 24 28 3 36 40 4k

Tension bars spaced laterally not less than 6 inches on center, and bars
with at least % inches clear from face of member to first bar may use 0.8
lap lengths shown but not less than 12 inches.
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STRUCTURAL DESIGN: Reinforced Concrete Design
Strength Design
Control of Flexural Cracking, One-way Slabs
Maximum Bar Spacing, S, inches
Clear Cover = 2 inches
Z = 145 7 = 130
Bar fg, ksi fg, ksi Bar
Size Size
15 20 25 30 35 Lo | 15 20 25 30 35 40
#3 |>18 >18 >18 11.8 7.4 5.0 | 18 18 14.7 8.5 5.4 3.6 #3
#+ | >18 >18 >18 11.2 7.0 k.7 [ >18 518 13.9 8.0 5.1 3.4 #h
#5 | >18 >18 >18 10.6 6.6 4.5 | >18 18 13.1 7.6 4.8 3.2 #5
#6 [>18 >18 17.3 10.0 6.3 L.2 | >18 >18 12.5 7.2 4.5 3.0 | #
#7 |>18 >18 16.4 9.5 6.0 4.0 [ >18 >18 11.8 6.8 4.3 2.9 #7
#8 [>18 >18 15.6 9.0 5.7 3.8 [ >18 >18 11.2 6.5 k4.1 2.7 #3
#O [>18 >18 1k.9 8.6 5.4 3.6 | >18 18 10.7 6.2 3.9 2.6 #9
#10 |>18 >18 1k.2 8.2 5.2 3.5 | >8 >18 10.2 5.9 3.7 - #10
#11 |>18 >18 13.5 7.8 4.9 3.3 | >18 18 9.7 5.6 3.5 — |11
Clear Cover = 3 inches
= 145 7 = 130
B ) .
Sf'zre fg, ksi Tqr ksi S]iazlé
15 20 25 30 35 40 15 20 25 30 35 4o
#3 |>18 >18 9.6 5.6 3.5 2.3 >18 13.5 6.9 4.0 2.5 1.7 #3
#4+ | >18 18.0 9.2 5.3 3.4 2.3 >18 13.0 6.7 3.9 2.4 1.6 #h
# [|>18 17.4 8.9 5.1 3.2 2.2 >18 12.5 6.4 3.7 2.3 = #5
#6 |>18 16.7 8.6 5.0 3.1 2.1 >18 12.1 6.2 3.6 2.2 - #6
#7 |>8 16.1 8.3 L.8 3.0 2.0 >18 11.6 5.9 3.4 2.2 - #7
#8 [>18 15.6 8.0 k.6 2.9 - >18 11.2 5.7 3.3 2.1 - #3
# [>8 15.0 7.7 k.b 2.8 - >18 10.8 5.5 3.2 - - #9
#10 [>18 1k.5 7.4 4.3 2.7 - >18 10.4 5.4 3,1 - - | #10
#11 |>18 1k.0 7.2 k.2 - - >18 10.1 5.2 3.0 - - | #11
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